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INTRODUCTION

Foodborne illnesses remain a major public health concern in the developed
nations such as the United States. An estimated 1.8 million foodborne illnesses (per
annum) are caused by Campylobacter spp. and non-typhoidal Salmonella spp. in the U.S.
(Scallan et al. 2011). The incidence of foodborne Campylobacter and Salmonella
illnesses increased by 14 and 3%, respectively in 2012 compared to 2006-2008 (CDC,
2013c). Domestic poultry is considered as the natural reservoir of Salmonella and
Campylobacter. Live poultry and contaminated poultry products are among the major
sources of Salmonella associated foodborne outbreaks (CDC, 2014a). Foodborne
Campylobacter illnesses have also been associated with poultry and are usually sporadic
in nature (Tylor et al., 2013).
The high numbers of Salmonella and Campylobacter colonized in the intestinal
tract of birds contaminate the poultry meat during processing (White et al., 1997). The
US Department of Agriculture, Food Safety and Inspection Service (USDA, FSIS)
introduced new performance standards to reduce the contamination of poultry meat with
these pathogens. According to the new performance standards, Salmonella positive
samples should be less than 7.5 and 1.7%, respectively for chicken and turkey carcasses
and the positive samples for Campylobacter should be less than 10.4 and 0.79% for
chicken and turkey, respectively (USDA FSIS, 2010). Various antimicrobials such as
1

chlorine and chlorine based compounds, trisodium phosphate, cetylpyridinum chloride,
peroxy acetic acid and organic acids are commonly used during poultry processing to
reduce the contamination of poultry carcasses and parts with Salmonella and
Campylobacter (USDA FSIS, 2010). Despite these antimicrobial interventions, poultry
products have been found to be frequently contaminated with Campylobacter and
Salmonella. Therefore, additional and novel intervention strategies are needed for
effective control of foodborne pathogens during poultry processing.
Plant derived essential oils such as oregano, cinnamon, clove, and thyme are
generally recognized as safe (GRAS) (Burt, 2004; Mattson et al., 2011 and Moore et al.,
2012) and contain carvacrol, trans-cinnamaldehyde, eugenol and thymol as the major
active antimicrobial components, respectively (Burt, 2004). These compounds have been
found to be effective against various pathogenic and spoilage microorganisms in broth as
well as in different food matrices such as leafy greens, tomatoes, minced meat and
chicken legs (Burt, 2004; Johny et al., 2008; Barbosa et al., 2009; Mattson et al., 2011;
Badhe et al., 2012; Moore et al., 2012 ). Less toxicity, targeting of microbial cells at
multiple sites, less chance of developing antimicrobial resistance are the benefits of using
these compounds as antimicrobial agents compared to synthetic compounds (SmithPalmer et al., 2004; Ali et al., 2005). These compounds can be used as effective
alternatives for existing synthetic antimicrobial agents. However, the strong odor
associated with higher concentrations is the major limiting factor of using plant derived
compounds as antimicrobial agents (Burt, 2004; Viana et al., 2005).
Modified atmosphere packaging (MAP) is used mainly to extend the shelf life of
perishable products by actively or passively altering the normal composition of air
2

surrounding the product (Chouliara et al., 2007). Carbon dioxide, oxygen and nitrogen
are the commonly used gases inside the packages (Arashisar et al., 2004). Major
proportion of the poultry meat is sold in the U.S as cut up parts and transported
nationwide. Some processors use modified atmosphere packaging (high carbon dioxide)
to increase the shelf life of poultry meat (McMillin, 2008). Carbon dioxide possesses
inhibitory action against various microorganisms (Jakobsen and Bertelsen, 2004;
McMillin, 2008Al-Nehlawi et al., 2013). The antimicrobial activity of carbon dioxide
depends on the formation of carbonic acid due to its dissolution in water phase. This
decrease in pH affects the intracellular enzyme activities and the microbial growth
(Jakobsen and Bertelsen, 2004; Arvanitoyannis and Stratakos, 2012; Al-Nehlawi et al.,
2013). Lactic acid bacteria (LAB) are the major spoilage organisms in low oxygen, low
temperature, and acidic conditions (Chenoll et al., 2007; Doyle, 2007; Viana et al., 2005).
The proliferation of LAB causes the development of off flavors, meat discoloration and
reduced pH, which significantly impacts the storage quality of meat (Chenol et al., 2007).
Therefore, the growth of LAB needs to be monitored in poultry meat when it is
refrigerated for long period under MAP conditions.
Lauric arginate (LAE) is a cationic surfactant and is derived from lauric acid, Larginine, and ethanol. It is an FDA approved GRAS compound (Ma et al., 2013). LAE
has been found to be effective against foodborne pathogens like Escherichia coli (Ma et
al., 2013), Listeria monocytogenes (Taormina and Dorsa., 2009; Soni et al., 2010) and
Salmonella spp. (Benli et al., 2011; Oladunjoye et al., 2013; Sharma et al., 2013) both in
vitro and in different food matrices. However, limited data are available on the efficacy
of LAE against Campylobacter in meat system.
3

Considering the above, the objectives of the present study were: (1) to determine
the antimicrobial efficacy of plant derived compounds (carvacrol, trans- cinnamaldehyde,
eugenol and thyme oil) against Salmonella in vitro and on turkey breast cutlets at 4ºC, (2)
to evaluate the combined efficacy of carvacrol and modified atmosphere packaging on
the survival of Salmonella, Campylobacter and LAB on turkey breast cutlets and (3) to
evaluate the antimicrobial efficacy of LAE against C. jejuni and spoilage organisms on
chicken breast fillets at 4ºC.
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CHAPTER II
LITERATURE REVIEW

2.1

Poultry sector in the United States
Poultry production is one of the important and diverse sectors in the US

agriculture. It is a good example of complex agribusiness, which involves farmers,
hatcheries, nutritionist, geneticists, veterinarians, marketing agencies and consumers
(Haley, 2001). The poultry industry has markedly changed from the early backyard farm
systems to vertically integrated operations. In the early 1900’s, the chicken flocks were
raised only for household consumption of eggs and meat. By late 1900’s new
technologies were introduced like new breeds, improved nutrition and better management
(sexing and candling) (Haley, 2001).
The US poultry industry is considered as the world’s largest poultry producer and
it is the second largest poultry meat exporter (US-EPA, 2011). Over the past 30 years, the
American consumer preference for chicken meat has increased tremendously. The per
capita annual consumption of poultry products (chicken and turkey combined) in the U.S
has increased from 33 lb. in 1965 to 99.1 lb. in 2014 (NCC, 2014). Increased
consumption of poultry meat products reflected as the preference for healthier food with
low cholesterol and low saturated fatty acid content. In addition, poultry industry has
always been proactive in developing innovative value added meat products. This
increased demand with the introduction of new technologies seeded the concept of
5

integrated farming rather than backyard farming. Currently, the U.S produces 33% of the
world’s broiler meat, 53.7% of the turkey meat and 11% of the eggs (USDA FAS, 2014).
Poultry and egg represent 9% of the value of all commodities produced in the United
States and 17% of the value of the livestock commodities produced (Haley, 2001).
2.2

Foodborne salmonellosis and campylobacteriosis
In the United States, during 1998-2008, 7998 foodborne outbreaks with single

confirmed/suspected etiological agent were reported. Among these Salmonella and
Campylobacter caused 26 and 2% foodborne outbreaks, respectively (CDC, 2013a).
Salmonella Enteritidis, S. Typhimurium, S. Heidelberg and S. Newport were the top
Salmonella serotypes associated with these outbreaks (CDC, 2013a). The incidence of
foodborne illnesses with Campylobacter and Salmonella increased 14 and 3% in 2012
compared to 2006-2008 (CDC, 2013c).
Contaminated dairy products, meat, poultry, eggs, fish, vegetables, fruits, and
fresh produce are the common food sources associated with Salmonella and
Campylobacter illnesses (Loharikar et al., 2012). Salmonella and Campylobacter cross
contamination and survivability in food, temperature abuse during storage; inadequate
cooking and unhygienic handling of food are among the contributing factors for
foodborne illnesses with these pathogens (Carrasco et al., 2012; Whiley et al., 2013). The
ability of Campylobacter to attach to stainless steel surfaces in a viable but not culturable
form and the biofilm forming capacity of Salmonella can be a constant source of cross
contamination in processing plants (Duffy and Dykes, 2009; Lianou and Koutsoumanis,
2012; Carrasco et al., 2012).
6

From 2008 to 2014, at least 15 outbreaks of Salmonella infections in humans
associated with poultry have been reported (CDC 2014a). These outbreaks highlight the
importance of introducing more effective intervention strategies and monitoring systems
at the mail-order hatcheries, agricultural feed store, processing plants and consumer
levels. Recently in 2014, consumption of S. Heidelberg contaminated mechanically
separated chicken caused an outbreak of salmonellosis (CDC, 2014b). In 2013, multidrug
resistant S. Heidelberg infection resulted in 574 illnesses in 27 states by consumption of
chicken products (CDC, 2013b). Consumption of S. Heidelberg contaminated ground
turkey led to a multistate outbreak of salmonellosis in the U.S with 136 illnesses in 34
states (CDC, 2011).
The foodborne illnesses associated with Campylobacter are mainly reported as
sporadic cases. However, in 2012, a multistate outbreak of C. jejuni was reported in the
United States due to the consumption of under cooked chicken liver (CDC, 2012). The
consumption of unpasteurized milk has been the most common source for Campylobacter
outbreaks in the U.S. (Tylor et al., 2013). During 1993-2006, 73 foodborne outbreaks
were associated with the consumption of non-pasteurized milk and Campylobacter was
the single etiological agent for 54% of those outbreaks (Langer et al., 2012). Therefore
detection and effective prevention methods are required to reduce or eliminate this
pathogen from food.
2.2.1

Salmonella pathogenesis
Salmonella is a Gram-negative bacteria belonging to the Enterobacteriaceae

family (Gray et al., 2002). There are over 2500 serovars of S. enterica species identified
depending on the variation in their surface antigens and the reactions to different antisera
7

(Ochman and Groisman, 1994; Fierer and Guiney, 2001, Gray et al., 2002). These
different antigens [O (surface), H (flagellar), Vi (capsular)] present in Salmonella spp. are
the virulence determinants (Slack and Snyder, 1978).
Although, direct contact with animal and human carriers are implicated in
Salmonella infections, the most common port of entry is the gastrointestinal tract through
ingestion of contaminated food or water. The potential sources are contaminated dairy
products, meat, poultry, eggs, fish, fruits, and vegetables (Loharikar et al., 2012).
The host specificity of the organism is less stringent and most of the serotypes can
survive and multiply in wide range of hosts, from animals to human. The two most
common Salmonella serotypes linked to human illnesses are S. Typhimurium and S.
Enteritidis (CDC, 2008). The species S. enterica is typically an orally acquired pathogen
and can result in one of four disease conditions: enteric or typhoid fever,
enterocolitis/diarrhea, bacteremia, and chronic asymptomatic carriage. The Salmonella
entry in the human body is usually followed by the induction of a very strong host
immune and inflammatory response (Coburn et al., 2007).
During the course of infection, ingested bacteria traverse through the digestive
tract, colonize the small intestine, and translocate the intestinal epithelial cells by
invading enterocytes, the M cells and dendritic cells, intercalating epithelial cells (Grassl
and Finlay, 2008). The entry of Salmonella alters the natural architecture of the cells
causing the membrane ‘ruffling’ particularly in S. Typhimurium infections. The ruffling
enables pinocytosis and endocytosis of the bacteria and aids the bacteria to enter the cells
(Gray et al., 2002). Some can enter the lacteal and lymphatic system and can gain access
to the blood stream resulting in septicemia and bacteremia.
8

Internalization of Salmonella in the host cells occurs either by invasion or by
phagocytosis via macrophages. Generally invasion is T3SS1 (Type 3 secretion system)
dependent or independent. T3SS1 independent invasion is mediated by fimbriae and
other non-fimbrial adhesins. Various T3SS effector proteins play a major role in
interactions between the host pathways and in the biogenesis of Salmonella-containing
vacuole (SCV), a modified phagosome in which bacteria remain after internalization.
With the help of the type III secretion system, Salmonella can efficiently invade both
phagocytic and non-phagocytic host cells (Ibarra & Steele‐Mortimer, 2009).
Similar to other Gram-negative bacterial phagocytosis, Salmonella phagocytic
invasion also involves multiple receptors like pattern-recognition receptors which detect
the pathogen-associated molecular patterns like lipopolysaccharides (LPS), flagellin and
so on (Kumar et al., 2011). In addition to these secretion systems, there are multiple
other virulence factors, which are cardinal for establishing and maintaining a persistent
infection. The inflammatory immune response in the host is broadly categorized into the
pathogen motif induced innate stimuli or virulence associated inflammatory responses
that might manipulate host pathways leading to a disease pathophysiology. Salmonella
Pathogenicity Islands (SPI-1, SPI-2) on the bacterial chromosome accommodate the
majority of virulence factors (Coburnet et al., 2007).
The ability of the bacteria to disseminate through the blood stream is
accomplished mainly by macrophage invasion and survival. The capsular (Vi) and
envelope (O) antigens play a significant role in the survival within the macrophages
(Slack and Snyder, 1978). This is a kind of immune invasion technique exhibited by
Salmonella to avoid the neutrophils, the first line of defense and also help to invade the
9

reticulo-endothelial system of the spleen and liver. In short, the molecular mechanisms in
Salmonella pathogenesis are complex and there is always an overlap of one or more
determinants.
2.2.2

Campylobacter pathogenesis
Campylobacter is a Gram-negative, motile, and curved or spiral bacteria, causing

foodborne illness associated gastroenteritis worldwide. Genus Campylobacter currently
comprises of 17 species and 6 sub-species, of which C. jejuni (90%) and C. coli are the
main etiological agents in human illnesses (Gillespie et al., 2002). However, human
infections have been reported with other Campylobacter species such as C. lari and C.
upsaliensis (Ketley, 1997) Even though, the host range is wide for these zoonotic
pathogens (McCarthy et. al., 2007), birds including chickens, turkey and waterfowl are
the preferred reservoirs (Karenlampi et al., 2007). Campylobacter are thermophiles and
grow best at the body temperature of birds; 37°C to 42° C and prefer a micro-aerobic
environment with 5% oxygen, 10% carbon dioxide, and 85% nitrogen for the growth and
survival (Keener et al., 2004).
Exposure to contaminated food, especially handling and eating raw or under
cooked poultry and poultry products rank high among the primary risk factors for
campylobacteriosis (Tylor et al., 2013). Close contact with contaminated poultry,
livestock or pets can also cause illness (Saenz et al., 2000; Wilson et al., 2008). Most
commonly reported symptoms of foodborne campylobacteriosis are diarrhea, often with
blood in feces, abdominal cramping, dysentery, nausea, and vomiting. The prodrome is
fever, headache and myalgia, which lasts for 24 hrs. In addition to the gut injury caused
by C. jejuni, other complications can include bacteremia, pancreatitis, hepatitis, septic
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arthritis, and other extra-intestinal symptoms (Peterson, 1994a). Fatality with
Campylobacter infections are rare, but have been reported in infants, elderly and those
with underlying diseases like AIDS (Tauxe, 1992).
One of the post-infection complications is the development of a latent
autoimmune effect on nerves called acute idiopathic demyelinating polyneuropathy
(AIDP) or Guillain–Barré syndrome (GBS). One in 1000 cases of Campylobacter
infections has been estimated to contract GBS, which is characterized by ascending
paralysis, dysaesthesias and respiratory failure (Allos, 1997). Campylobacteriosis is also
associated with reactive arthropathic after effects called Reiter’s syndrome (Peterson,
1994b).
The bacteria enter the intestine crossing the stomach acid barrier and colonize the
jejunum, ileum and colon. During infection, the bacteria cross the mucus layer and adhere
and invade the intestinal epithelial cells (Wooldridge and Ketley, 1997). The epithelial
functions of the cells are disrupted either by cell adhesion and invasion or by production
of enterotoxins. This results in local acute inflammatory changes in both the small and
large intestine (Ketley, 1997). As an established invasive pathogen, it uses a
microfilament dependent process to enter the host cells (Konkel et.al., 1990). Following
the cell invasion, Campylobacter can translocate the intestinal epithelial via paracellular
route between tight junctions without affecting their integrity (Everest et al., 1993).
The virulence of C. jejuni is often determined based on the ‘invasiveness’.
Multiple bio-mechanisms are involved in the induction of pathophysiological changes in
humans. Chemotaxis plays a major role in the colonization of intestine, since the bacteria
have to move into the mucus layer of the intestinal cells in order to colonize. Adhesion
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and invasion are other major virulence determinants aiding the colonization of the
intestine. Fimbrial structures mediate adhesion and other adhesins help in internalization
(Van Vliet and Ketley, 2001). Invasion is necessary for the induction of proinflammatory markers like interleukin 8 (IL8) and thereby triggering inflammatory
responses in the host (Everest et al., 1993). The lipopolysaccharides (LPS) and the outer
membrane lipo-oligosaccharides (LOS) of the bacteria are involved in serum resistance
and endotoxicity (Van Vliet and Ketley, 2001). These surface polysaccharides contain
sialic acid, and these sialylated polysaccharides resemble gangliosides. The ganglioside
mimicry is often responsible for Guillain–Barré syndrome (GBS) (Nachamkin et al.
1998).
Cytolethal distending toxins (CDT) are heterotrimeric toxins produced by some
Gram-negative bacteria and later in 1987; its role in C. jejuni pathogenesis was identified
(Johnson and Lior, 1988). The toxins exhibit DNAase activity and can hinder the
progression of the cell cycle by arresting the G2/M cycle. The cells can get distended
(hence the name for the toxin as ‘distending toxin) and undergo apoptosis (Dreyfus,
2003). CDTs of Campylobacter are mostly membrane associated and are involved in
triggering the pro-inflammatory response like induction of IL8 (Hickey et al., 2000).
One of the critical factors in bacterial pathogenesis is the acquisition of iron from
the host cells. Campylobacter jejuni can utilize heme compounds, siderophores and ferric
ions available in the host (Field et al., 1986). In order to cope up with the oxidative
stresses which these microaerophillic bacteria encounter from the host system, the
superoxide and peroxide stress defense systems are well developed. Superoxide
dismutase protein is the major component of this defense system and it removes the super
12

oxides involved (Pesci et al., 1994; Purdy and Park, 1994). The thermal stress response of
the bacteria is attributed to the expression of heat shock proteins, which enable them to
survive in the avian gastro intestinal tract (Van Vliet and Ketley, 2001). Further
understanding the physiology and pathogenesis of Campylobacter will enable efficient
detection, control and elimination of the bacteria from food commodities.
2.3

Control of Salmonella and Campylobacter during poultry processing
Chicken and turkey processing operations are similar with minor differences in

equipment due to size difference. The antimicrobial agents using in different stages of
chicken and turkey processing are also the same. The high numbers of Salmonella and
Campylobacter colonized in the intestinal tract of birds contaminate the poultry meat
during processing (White et al., 1997; Waldenstrom et al., 2002; EFSA, 2011). The
potential source of infection are breeder flocks, hatcheries, contaminated feed and water,
vectors, transportation equipment, slaughter equipment and surfaces (Oosterom et al.,
1985; Foley et al., 2008). Therefore proper antimicrobial intervention strategies are
needed to control these pathogens both at the farm level and during the processing (White
et al., 1997; Callaway et al., 2004; Bucher et al., 2012)
The total bacterial load of poultry carcasses gradually reduce during different
processing operations like scalding, picking, evisceration and chilling (Svobodová et al.,
2012). Therefore, these stages can be considered as critical operations in poultry
processing. The antimicrobial intervention procedures associated with these steps enable
to reduce microbial load (Rasschaert et al., 2007).
Scalding is carried out during the poultry processing to open the feather follicle to
facilitate the removal of feathers during picking. In scalding, carcasses are immersed in
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hot water [51-54 ºC for 90-120s for soft scalding and 59-64 ºC for 30-75s for hard
scalding for broiler (USDA FSIS, 2010)]. This process also helps the removal of
microorganisms, dirt, litter and feces from the carcass (Buncic and Sofos, 2012). The
main disadvantage of scalding is cross contamination between carcasses (Cason and
Hinton Jr, 2006). Multistage scalding system is more effective in reducing Salmonella,
Campylobacter and other microorganisms during poultry processing and minimize cross
contamination (Cason and Hinton Jr, 2006; Svobodova et al., 2012).
Berrang et al. (2011) used lime slurry to elevate the pH of the scalding tank to
reduce Salmonella contamination. Russell, (2008) introduced a new alternative for
chlorine, by using acidified copper sulfate as a sanitizer in scalding water and reported the
higher effectiveness of this compound in presence of high organic matter compared to
chlorine or ozone. Scalding is an effective intervention strategy against microorganisms if
the pH is maintained properly because Salmonella and Campylobacter are more resistant
Salmonella and Campylobacter towards neutral pH (USDA FSIS, 2010).
The countercurrent water system, proper agitation of water and maintenance of
water pH above or below the neutral help to reduce Salmonella and Campylobacter
present in the chiller tanks (USDA FSIS, 2010). Cason et al. (1999) reported that
carcasses should move from a clean to cleaner area throughout the processing line and
there is no special advantage with regards to conducting intermittent scalding and picking
during poultry processing. The studies of Valnegri et al. (2010) showed that an
alternative method, a dry slaughtering technique, where carcasses are immersed in liquid
paraffin and then the feathers are pealed is an effective method that avoids carcass cross
contamination.
14

Defeathering of poultry carcass is another stage of poultry processing where cross
contamination of carcasses usually happens with Salmonella and Campylobacter (Mead
et al., 1975; Ono and Yamamoto, 1999). Continuous use of rubber picking fingers and
reuse of contaminated water can lead to cross contamination between the carcasses with
Salmonella. It can be reduced by regular equipment sanitization with 18-20 ppm chlorine
and maintaining post feather rinses at a temperature of 1600F (USDA FSIS, 2010). A
study conducted by Arnold and Yates, (2009) revealed that iodine based compounds can
also prevent Salmonella growth on rubber fingers and is quite advantageous compared to
chlorine based compounds since they are less corrosive. Berrang et al. (2011) reported
chlorine dioxide as an effective antimicrobial agent against Salmonella and
Campylobacter when used as a spray treatment during the de-feathering procedure.
Evisceration is one of the critical control points where, antimicrobial interventions
need to be applied to reduce contamination during poultry processing. Proper
maintenance of evisceration equipment, multiple carcass rinses with 20 ppm chlorine,
careful removal of crop and caeca and effective online reprocessing if any fecal
contamination is detected are the important control measures during evisceration (USDA
FSIS, 2010). The bacterial contamination can be reduced by a combination of dip and
spray treatments with antimicrobial agents (Kaudia, 2001). Chlorine is the commonly
used antimicrobial in poultry processing. But its action is compromised by the high
organic load and therefore alternative sources are needed. Chlorine can be effectively
replaced by bromine containing compounds due to its higher activity against
microorganisms and increased stability when pH values are changed. Multiple on-line
bird washings with trisodium phosphate or acidified sodium chloride during the
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evisceration process and inside outside carcass washing with 20-50 ppm chlorinated
water after the evisceration can be used to reduce the contamination of poultry carcasses
with Salmonella and Campylobacter (FAO, 2009; USDA FSIS, 2010).
Chilling is another critical operation in poultry processing which determines the
quality and safety of meat (Petrak et al., 1999). Immersion chilling system and dry air
chilling systems are two important methods used in commercial poultry processing. In
dry air chilling, there is less chance of cross contamination when compared to immersion
chilling (James et al., 2006). During processing, carcass should attain a temperature of
40C or less within 4 h if the carcass weighs less than 4lbs and this process helps to reduce
the growth of psychrotrophic and pathogenic organisms (James et al., 2006). A study
conducted by Voidarou et al. (2007) showed reduced growth of Salmonella and E. coli
when temperature was maintained at 40C in a chiller tank. In the chiller, a counter current
flow should be used which gives a better result when compared to parallel flow chilling
(Petrak et al., 1999). Continuous change of chiller water and chlorinated water in the
chiller tanks would help to reduce cross contamination between tanks (James et al., 2006;
Voidarou et al., 2007). Chlorine is less effective against the Salmonella attached to the
carcass surface rather than suspended in the chiller water (USDA FSIS, 2010; Cavani et
al., 2010).
According to 1993 USDA regulation if any carcass is observed with visible fecal
contamination, reprocessing is recommended and it can be done by online or offline
methods, by rinsing the carcass with hot water or cold water and treating it with the
appropriate antimicrobials (Thomson et al., 2010). USDA FSIS. (1996), introduced
requirements for meat and poultry establishments to control pathogens and associated
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foodborne illnesses. Those include hazard analysis and critical control point (HACCP)
and sanitation standard operating procedures (sanitation SOP’s) in order to ensure plant
sanitization conditions. It put forward the concept of HACCP and made mandatory in
1997. Based on these intervention strategies, commonly used antimicrobials in poultry
processing are chlorine and chlorine based compounds, trisodium phosphate,
cetylpyridinium chloride, peroxyacetic acid and organic acids. They are used either as a
carcass rinse / spray or carcass dip treatment in chiller tanks (USDA, FSIS, 2010).
2.4

Commonly used antimicrobial agents in poultry processing
In the U.S, chlorine is the commonly used antimicrobial agent in chilling tank and

throughout the processing plant (Lillard, 1979; Buncic and Sofos, 2012; Nagel et al.,
2013). The European Union has strict regulations on chlorine usage and the maximum
approved level is 5 ppm compared to a 50 ppm of chlorine in the U. S poultry processing
plants (Buncic and Sofos, 2012). The antimicrobial property of chlorine is due to the
hypochlorous acid and formation of hypochlorous acid is highly dependent on water pH.
The efficacy of chlorine treatments also found to be varied depending on the initial
bacterial load, organic content, electrolyte content and temperature of water. The higher
concentration of chlorine causes discoloration, off odor and off-flavor of the carcasses
(Sams, 2000).
Chlorine dioxide is another antimicrobial capable in reducing Salmonella,
coliform bacteria, aerobic and psychrotrophic bacteria in chicken carcass when used in
chiller tanks (Thiessen et al., 1984). Chlorine dioxide is a more stable and efficient form
of chlorine. The action of chlorine dioxide is mainly by preventing transport of nutrients
across the microbial membranes and is independent of pH. The lower concentration of
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chlorine dioxide (3-7 ppm) prevents the corrosion of processing equipment and is cost
effective compared to chlorine (Lillard, 1979). Studies show that slow release chlorine
dioxide in turkey rinse effectively reduced Salmonella contamination (Villarreal et al.,
1990). Chlorine dioxide also can be used as spray during the defeathering of poultry
carcasses in processing to control Salmonella and Campylobacter (Berrang et al., 2011).
Despite the lower concentration and the stability in the organic mattter, the increased
paleness associated with the usage of chlorine dioxide is a constrain in its usage in
poultry processing (Thiessen et al., 1984)
Trisodium phosphate (TSP) is a USDA approved antimicrobial and has been used
during poultry processing (concentration of 12% or a pH of 10-12) (Buncic and Sofos,
2012). The antimicrobial activity of TSP is mainly based on its surfactant nature and
when used in online reprocessing approximately 2.0 log CFU/g reduction of microbial
count is expected (Keener et al., 2004; USDA FSIS, 2010; Buncic and Sofos, 2012). The
TSP treated carcasses may change the pH of the chiller tanks if the carcasses are not
washed and this will reduce the antimicrobial activity of chlorine. Therefore carcass
rinses are recommended after TSP treatments (USDA FSIS, 2010; Buncic and Sofos,
2012).
Ozone is a powerful oxidizing agent and is 1.5 times more powerful than chlorine
(Oyarzabal, 2005). Ozone treatments can be used in poultry production units owing to its
high efficiency in clearing out the bacterial contamination (Sheldon and Brown, 1986).
Fabrizio et al. (2002) reported that ozonated water was effective in reducing S.
Typhimurium counts (0.4–0.9 log) when used as immersion treatment for 45 min on
poultry carcasses. The activity of ozone increases with low pH and low temperature
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whereas ozone has been found to be ineffective in presence of high organic matter
(Mukhopadhyay and Ramaswamy, 2012).
Cetylpyridinium chloride (CPC) is a USDA approved antimicrobial agent for use
during poultry processing. It is a soluble, non-volatile quaternary ammonium compound
with broad spectrum of activity (USDA FSIS, 2010). It was found to be effective against
various foodborne pathogens. A study conducted by Wang et.al (1997) demonstrated that
0.1% CPC was effective against S. Typhimurium on chicken skin and caused 1.5-2.5 log
CFU/cm2 reductions. Pohlman et al. (2002) showed that CPC was effective in reducing S.
Typhimurium and coliform counts with 0.5% concentration when applied on beef
trimmings before grinding. Bosilevac et al. (2004) reported the reduced prevalence of E.
coli from 80% to less than 50% in beef hide with 1% CPC spray application. A study
conducted by Bai et al. (2007) reported an increase in shelf life of meat when CPC
(1.0%) was applied on chicken thigh meat as surface treatment. Thongbai et al. (2005)
revealed the synergistic activity of CPC (0.5% w/v) with nisin (100µg/ml) in reducing
(~1.0 log CFU/g) S. Typhimurium S36 counts on chicken drumsticks. CPC can be used
effectively in chiller tanks because it is not causing any off odors or discoloration of
carcasses as well as stable in wide range of pH change (Pohlman et al., 2002; Oyarzabal,
2005).
Peracetic acid (PPA) is an equilibrium mixture of acetic acid, peroxy acetic acid
and hydrogen peroxide and possessed both acidifying and oxidizing properties
(Bauermeister et al 2008). It is found to be effective against Salmonella and
Campylobacter when used in chiller tanks and post chill tanks (Bauermeister et al., 2008;
Nagel et al., 2013). Chantarapanont et al. (2004) reported the antimicrobial efficacy of
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100 ppm PAA in reducing C. jejuni (~1.0 log CFU/g reductions) when used on chicken
skin for a contact period of 15min. Peracetic acid (PAA) was found to be effective
against Salmonella and Campylobacter at concentrations of 0.0025 and 0.02%,
respectively in chiller tank without causing any alteration in sensory quality of meat
(Bauermeister et al., 2008). Another study conducted by Nagel et al. (2013) revealed that
PAA is effective against Salmonella and Campylobacter in post chill carcass dip tanks at
concentration of 1000 ppm. Immersion treatment of whole poultry carcasses or poultry
parts in antimicrobial agents can be used as an efficient method of application of
antimicrobial agents due to the possibility of more uniform distribution of the
antimicrobial agents in immersion treatment (Loretz et al., 2010; Bunic and Sofos, 2012;
Meredith et al., 2013).
2.5
2.5.1

GRAS antimicrobial agents
Natural plant derived compounds
Essential oils are aromatic oily liquids extracted from different plant parts (Burt,

2004). A variety of essential oils possess antibacterial, antifungal, anti-parasitic,
insecticidal and anti-toxigenic properties (Cowan, 1999; Savoia, 2012; Burt, 2004). Plant
derived essential oils such as oregano, cinnamon, clove, and thyme are generally
recognized as safe (GRAS) for use in food systems (Burt, 2004; Mattson et al., 2011 and
Moore et al., 2012). In addition to the antimicrobial action of these natural compounds,
they possess antioxidant and color stabilizing properties for poultry and meat products
and are preferred to synthetic antioxidants due to their less toxicity (Karre, 2013). These
compounds are used during cooking of food and meat products in many parts of the
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world, especially in Asian countries as flavoring agents in various food sources
(Yanishlievaa et al., 1999; Zhang et al., 2010).
Oregano oil is extracted from the leaves of the oregano plant (Origanum vulgare)
and it contains carvacrol (60-74%) and thymol (~ 64%) as its active components (Ultee et
al., 1999; Burt, 2004). Thymol is extracted from Thymus vulgaris (~ 64%) and is the
major active ingredient in the thyme oils. Trans- cinnamaldehyde (~ 65%) is the active
compound in cinnamon oil and is extracted from the cinnamon tree (Cinnamomum
zeylandicum) (Zhang et al., 2010). Clove oil is extracted from the clove (buds) of
Syzygium aromaticum and contains eugenol as its active compound (75-85%) (Burt,
2004). These compounds have been evaluated for their antibacterial property against
various pathogenic organisms such as Bacillus cereus, C. jejuni, E. coli, L.
monocytogenes, Salmonella spp. and Shigella spp. in vitro as well as in various food
systems (Friedman et al., 2002; Olasup et al., 2003; Gill and Holley, 2004; Devi et al.,
2010; Moore et al., 2012; Badhe et al., 2002; Bagamboula et al., 2004).
The antimicrobial mechanisms of action of essential oils are poorly understood
even though they are frequently used in foods (Lambert et al., 2001). Essential oils and
components disrupt bacterial cell membranes (Ultee et al., 1999). Even with lower
concentrations these compounds affect membrane permeability and cause leakage of
potassium and phosphate ions (Ultee et al., 1999; Lambert et al., 2001). Carvacrol is a
hydrophobic compound and possesses an affinity towards cell membranes (Ultee et al.,
1999). Studies conducted by Ultee et al. (1999) revealed that carvacrol even at a
concentration of 0.01mM, decreased the membrane potential and at concentrations of
0.25mM and 1mM caused increased leakage of protons and potassium ions in Bacillus
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cereus. The secondary effects of carvacrol associated with the primary effects create a
depletion of ATP pools, loss of turgor pressure and a reduced activation of cytoplasmic
enzymes (Bakker and Mangerich, 1981; Ultee et al., 1999). For carvacrol, a system of
delocalized electrons helps hydroxyl groups to release their protons into the cytoplasm of
microbial cells in exchange for K+ ions (Ultee et al., 2002). Antimicrobial activity of
thymol is comparable to that of carvacrol and the hydroxyl group is located at the metaposition (Ultee et al., 2002). In eugenol, the presence of a methoxyl group in the phenolic
ring prevents the easy release of electrons from the hydroxyl group which explains why it
is a less effective antimicrobial than carvacrol and thymol (Ben et al., 2006).
Cinnamaldehyde possess antimicrobial activity due to its long methyl (CH) side chain
which is outside its ring structure as well as conjugated double bonds (Chang et al., 2001;
Wang et al., 2005).
Natural plant derived compounds are used as effective alternatives for existing
synthetic antimicrobial agents. However, the strong odor associated with higher
concentrations is the major limiting factor of using plant derived compounds as
antimicrobial agents (Burt, 2004; Lambert et al., 2001; Tajkarimi et al., 2010). Therefore,
minimum effective concentration of the aforementioned compounds have to be
established based on a single standard method in order to use them in various food
products and get maximum consumer acceptability for the product. The antimicrobial
efficacy of these compounds has not yet been utilized efficiently in poultry processing. It
is advantageous to use plant derived compound because of their less toxicity as compared
to synthetic antimicrobials (Soni et al., 2013), different mode of action and targeting of
microbial cells at multiple sites, and less chance of resistance development (Smith22

Palmer et al., 2004; Ali et al., 2004; Venkitanarayanan et al., 2013). Therefore, the use of
plant-derived compounds during poultry processing especially the post-chill application
needs further investigation.
2.5.2

Lauric arginate
Lauric arginate (LAE) is a cationic surfactant and is derived from lauric acid, L-

arginine, and ethanol (Ma et.al. 2013). It is approved by FDA as a GRAS compound
(FDA, 2005). Human studies on LAE metabolism have revealed that upon ingestion,
LAE dissociates into lauric acid and arginine in stomach and intestine, which are
naturally occurring dietary components (Hawkins et al., 2009). Therefore, LAE is safe to
use as a antimicrobial agent in food and the maximum allowed levels of LAE in fresh
cuts of poultry meat is 200 ppm by weight of the finished product (USDA FSIS, 2013).
LAE is a broad spectrum antimicrobial and has been found to be effective against
various microorganisms like E. coli, Listeria innocua, Pseudomonas aeruginosa,
Salmonella enterica and Staphylococcus aureus in broth system as well as food matrices
(Becerril et al., 2013; Soni et al., 2010). It possessed inhibitory action against mesophiles,
psychrotrophs, pseudomonas, coliforms, lactic acid bacteria and hydrogen sulfide
producing bacteria in chicken breast fillets under refrigerated condition in combination
with chitosan films (Higueras et al., 2013). It has been found to be effective against E.
coli in milk (Ma et al., 2013) and Salmonella spp. in chicken breast fillets (Sharma et al.,
2013). Becerril et al. (2013) evaluated the mechanism of action of LAE on bacteria using
a scanning electron microscope and found that even with a small exposure time of 5 min,
LAE treatments showed pronounced alterations in the cell membrane and affected cell
membrane integrity. LAE is a cationic surfactant molecule (Rodríguez et al., 2004) which
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reduces the surface tension and degrades or solubilizes membranes. This affects
membrane potential, membrane permeability and cause leakage of cellular contents
(Kanazawa et al., 1995; Denyer and Stewart, 1998; Rodríguez et al., 2004).
Compared to other synthetic compounds, the heat stability of LAE would allow
the use of LAE in applications that require high temperature. LAE also maintains its
antimicrobial property over a wide pH range (4.0-7.0). It possesses faster antimicrobial
action, i.e. only small exposure time of 2-6 min resulted in 3.5 log reduction of bacteria in
broth. In addition, LAE is capable of inactivating high bacterial load (106 CFU/ml)
(Becerril et al., 2013). When LAE was used in queso fresco cheese at USDA approved
levels, it did not alter the flavor, color, texture or consumer acceptability of the product
(Soni et al., 2010).
2.6

Modified Atmosphere Packaging (MAP) and its use against spoilage and
pathogenic organisms
Modified atmosphere packaging is the process of changing the normal atmosphere

surrounding the food products with another gas or a mixture of gases (Nychas and
Tassou, 1996). Carbon dioxide, oxygen and nitrogen are commonly used gases in MAP
(Arashisar et al., 2004). Nitrogen is the filling gas in MAP and it is not absorbed by meat
or reacts with meat pigments (Zhou et al., 2010). Carbon dioxide possesses antibacterial
effect because when it is dissolved in water phase of food it is converted into carbonic
acid there by lowering the pH. The reduction in pH affects enzyme activity and
membrane permeability in microorganisms (Al-Nehlawi et al., 2014). Carbon dioxide
extends the lag phase of microorganisms and slows down the growth during log phase
and increases their generation time (Arashisar et al., 2004). Oxygen prevents the growth
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of strict anaerobes and maintains the color of meat (Jeremiah et al., 1995; Arashisar et al.,
2004). High levels of oxygen can cause oxidative rancidity as well as spoilage with
aerobic bacteria (Arashisar et al., 2004).
Centralized packaging systems are the fabrication and packaging of whole
carcasses or cut up parts for retail display without manipulation of packages after
removing them from the shipping carton. In the United States, 64% of fresh meat
distribution service is through MAP (high CO2 packaging) (McMillin, 2008). Modified
atmosphere packaging (high carbon dioxide packaging) is commonly used in industry for
bulk packaging and transportation to extend the shelf life of perishable products such as
meat and fish (Nychas and Tassou, 1996; Arashisar et al., 2004; Viana et al., 2005;
McMillin, 2008) Al-Nehlawi et al., 2014). The high carbon dioxide packaging mainly
possess inhibitory action against many of the aerobic spoilage forming psychrotrophic
organisms like Pseudomonas and increases shelf life of meat (Chen and Hotchkiss, 1991;
Nychas and Tassou, 1996; Viana et al., 2005). The high carbon dioxide packaging is also
effective in reducing mesophilic bacteria as well as Enterobacteriaceae counts in
comparison to aerobic packaging when stored at 4ºC for prolonged periods of time
(Arashisar et al., 2004). A study conducted by Rodriguez, (2014) showed that high
carbon dioxide packaging (90% carbon dioxide and 10% nitrogen) was effective in
controlling psychrotrophs, mesophiles, Enterobacteriaceae and lactic acid bacteria on
ready-to-eat shredded chicken breast stored under refrigeration. The high carbon dioxide
treatments extended the shelf life of meat from 9 d to 28 d.
Lactic acid bacteria (LAB) are the major spoilage organisms in low oxygen, low
temperature, and acidic conditions (Chenoll et al., 2007; Doyle, 2007; Viana et al., 2005).
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The spoilage as a result of LAB growth causes souring, off flavors, discoloration, slime
formation, and lowering of pH of meat (Borch and Agerhem, 1992; Chenoll et al, 2007).
The high carbon dioxide packaging has been found to be effective in reducing the growth
of LAB compared to aerobic packaging (Schirmer et al., 2009; Rodriguez et al., 2014).
Studies conducted by Devlieghere et al. (1998), Chouliara et al. (2007) and Rodriguez et
al. (2014) reported the effectiveness of high carbon dioxide packaging against LAB. This
efficacy of carbon dioxide packaging against LAB is due to the ability of carbon dioxide
to extend the lag phase of LAB (Skandamis and Nychas, 2001)
Despite the effectiveness of MAP on spoilage organisms, the survivability and
growth of pathogenic organisms under refrigeration condition in MAP packaging is still
the limiting factor of this practice (Nychas and Tassou, 1996). Several studies have
reported the increased survivability of Salmonella organisms to high carbon dioxide
atmosphere. Nychas and Tassou (1996) reported that Salmonella can survive in 100%
carbon dioxide at 3ºC. Dykes et al. (2001) and Miya et al. (2014) also reported the lack of
inhibitory action of high carbon dioxide against Salmonella under refrigerated conditions.
A study conducted by Al-Nehlawi et al. (2014) showed that when Salmonella inoculated
poultry sausages were stored 2±1ºC in a 100% carbon dioxide environment for a period
of 7 d, no reduction in Salmonella counts were observed. There have been reports of
survivability of microaerophilic organisms like Campylobacter in high carbon dioxide
packaging (Dykes and Moorhead, 2001). Therefore, various antimicrobial agents are
needed to be incorporated with modified atmosphere packaging to ensure the safety of
food products (Al-Nehlawi et al., 2014).
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CHAPTER III
REDUCTION OF SALMONELLA ON TURKEY BREAST CUTLETS BY PLANT
DERIVED COMPOUNDS

Manuscript prepared for submission to Journal of Foodborne Pathogens and Disease
3.1

Abstract
In this study, the antimicrobial efficacy of carvacrol, eugenol, thyme essential oil

and trans- cinnamaldehyde was determined against different Salmonella serotypes in
vitro and on turkey breast cutlets. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of antimicrobial agents were determined
using a micro dilution colorimetric assay. Carvacrol was the most effective antimicrobial
agent since it exhibited the lowest MIC and MBC (0.313 µl ml−1), respectively. Turkey
breast cutlets inoculated with S. Enteritidis, S. Heidelberg and S. Typhimurium were dip
treated with different concentrations (0.5, 1, 2 and 5% v/v) of carvacrol, eugenol, thyme
essential oil and trans- cinnamaldehyde for 2 min. Samples were analyzed after 24 h
storage at 4ºC for recovery of Salmonella. Significant reductions of Salmonella (P ≤ 0.05)
on turkey breast cutlets were obtained with 1, 2 and 5% treatments. These compounds
exhibited a concentration dependent response on turkey breast cutlets against Salmonella.
For example, 1% carvacrol resulted in 1.0 log cfu/g reduction of Salmonella where as 5%
carvacrol caused 2.6 log cfu/g reductions. Based on its efficacy in the 2 min dip study,
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carvacrol was selected for 30 s and 60 s dip treatments of Salmonella inoculated turkey
breast cutlets. Dipping turkey breast cutlets in 5% carvacrol for 30 s and 60 s resulted in
1.0 and 1.8 log reductions of Salmonella (P ≤ 0.05), respectively. None of the
antimicrobial agents caused any changes in the meat pH (P ≥ 0.05). In conclusion, this
study revealed that plant derived compounds such as carvacrol can reduce Salmonella on
turkey breast cutlets without changing the pH of meat.
3.2

Introduction
An estimated 9.4 million foodborne illnesses are reported each year in the United

States. Of these illnesses, non-typhoidal Salmonella remains the leading bacterial cause
of hospitalizations and deaths with more than one million illnesses (Scallan et al., 2011).
Salmonella was the confirmed or suspected single etiology for 18% of the 7998
foodborne outbreaks and 53% of the 128 multistate foodborne outbreaks during 19982008. The most common Salmonella serotypes associated with foodborne outbreaks
during these time periods were S. Enteritidis, S. Heidelberg, S. Newport and S.
Typhimurium (CDC, 2013). Domestic poultry is considered as one of the major
reservoirs of Salmonella spp. and consumption of contaminated egg and poultry products
resulted in 37% of Salmonella associated foodborne outbreaks in the United States during
2009-2010 (CDC, 2013). In the United States, consumption of turkey meat reached more
than 5 billion pounds during 2011 (USDA ERS, 2012). The prevalence rate of
Salmonella spp. in young turkey carcasses and ground turkey were 2.2 and 11%,
respectively in 2012 in federally inspected establishments (USDA FSIS, 2012). Recently,
consumption of S. Heidelberg contaminated ground turkey led to a multistate outbreak of
salmonellosis in USA with 136 illnesses from 34 states (CDC, 2011). Due to the high
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consumption of turkey meat in the USA (USPEA, 2009) as well as the risk of ingesting
Salmonella contaminated turkey products, highlights a need to apply additional
interventions to reduce Salmonella contamination in turkey products.
Some of the acceptable antimicrobials in poultry processing are chlorine and
chlorine based compounds, trisodium phosphate, cetylpyridinium chloride, peroxyacetic
acid, organic acids, etc. (USDA FSIS, 2013). They are used as either pre chill or post
chill carcass rinses, sprays or carcass dips during processing in addition to their use in
chiller tanks (USDA FSIS, 2010). Despite these antimicrobial interventions, the
occurrence of Salmonella in post-chill turkey carcasses and turkey products suggests that
these interventions are not effective enough to eliminate Salmonella in turkey products.
Plant derived essential oils such as oregano, cinnamon, clove, and thyme are
generally recognized as safe (GRAS) (Burt, 2004; Mattson et al., 2011; Moore et al.,
2012) for use in food systems due to less toxicity when compared to synthetic
antimicrobials (Soni et al., 2013), a different mode of action and targeting of microbial
cells at multiple sites, and less chance of resistance development (Smith- Palmer et al.,
2004; Venkitanarayanan et al., 2013). Carvacrol, trans-cinnamaldehyde, eugenol and
thymol are the major active antimicrobial components of oregano, cinnamon, clove and
thyme oils, respectively (Burt, 2004; Lu et al., 2011). The antimicrobial properties of
these compounds against Salmonella spp. have been demonstrated previously in poultry
drinking water (Johny et al., 2008), poultry feed (Johny et al., 2012 a &b) and in different
food products (Burt, 2004) such as leafy greens (Moore et al., 2012), tomatoes (Mattson
et al., 2011), minced meat (Barbosa et al., 2009) and chicken legs (Badhe et al., 2012).
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However, limited data are available on the efficacy of these natural compounds against
Salmonella in turkey meat.
Post chill dips are end stage antimicrobial interventions and provide additional
antimicrobial hurdles against pathogenic bacteria such as Salmonella and Campylobacter
during poultry processing. Shorter dwell times, higher antimicrobial concentrations and
shorter contact time, lower organic load etc. are the advantages of post chill dip tanks as
compared to antimicrobial treatments in the main chiller (Nagel et al., 2013). Dip
treatments of poultry carcasses with plant derived compounds have not yet been
conducted during poultry processing. Dip treatments of leafy greens with natural
compounds have resulted in significant reductions of foodborne pathogens. Oregano oil
at 0.5% (Moore et al., 2012) and cinnamon oil at 0.3 and 0.5% (Todd et al., 2013) as
post-harvest dip treatments for 2 min on leafy greens resulted in a 6 log cfu/g reduction of
S. Newport after 1 and 3 days of storage, respectively. Cinnamaldehyde is also effective
as a dip treatment on fresh produce and its immersion treatment for 1 min resulted in 2.89
log cfu/g reductions of Escherichia coli on iceberg lettuce (Yossa et al., 2013). The aim
of the present study is to determine the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of plant derived antimicrobial agents
(carvacrol, eugenol, thyme essential oil and trans- cinnamaldehyde) against Salmonella
spp. and to assess the antimicrobial efficacy of these compounds on turkey breast cutlets
as dip treatments simulating the post chill application during poultry processing.
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3.3
3.3.1

Materials and Methods
Salmonella serotypes
A total of seven Salmonella serotypes were used to study the in vitro

antimicrobial efficacy of carvacrol, eugenol, thyme essential oil and transcinnamaldehyde. The Salmonella serotypes included in the study were S. Enteritiditis
ATCC 4931, S. Hadar ATCC 51956, S. Heidelberg ATCC 8326, S. Kentucky ATCC
9263, S. Typhimurium ATCC 14028, S. Typhimurium ATCC 19585 and S. Typhimuriun
ATCC 23564. From the frozen cultures, Salmonella strains were cultured on tryptic soy
agar (TSA) slants and stored at 4ºC. Broth cultures of Salmonella were prepared by
transferring single colonies of each strain of Salmonella from TSA in to 10 ml tryptic soy
broth (TSB) and were incubated at 37 ºC. Broth cultures were used for the experiments
after 16-20 h incubation at 37 ºC.
3.3.2

Plant derived natural compounds
Carvacrol (≥ 98%), trans-cinnamaldehyde (≥ 99%) and eugenol (99%) were

purchased from Sigma Aldrich (St. Louis, MO. 63103, USA). Thyme essential oils (red
and white, 100% pure) were obtained from Aura cacia (Frontier natural products co-op.,
Norway, USA).
3.3.3

Disc diffusion assay for determining the antimicrobial efficacy of plant
derived compounds against Salmonella spp.
The antimicrobial agents were screened for their efficacy against seven serotypes

of Salmonella using a disc diffusion assay as described by O'Bryan et al. (2008). Briefly,
a 16 h culture of Salmonella in TSB was prepared and serially diluted to a cell
concentration of ∽ 106 cfu/ml with 0.1% peptone water. Each of the diluted inoculum
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was streaked onto TSA plates using sterile swabs separate for each serotype and kept at
least 15 min to absorb the inoculum. Then 6 mm sterile filter paper discs were placed at
the center of each plate and pressed firmly to ensure complete contact with the agar
surface. After this, 20 µL of the antimicrobial agent was applied on top of the disc and
kept for 1 h at room temperature for the antimicrobials to diffuse across the agar surface.
The zone of inhibition was measured in millimeters after 24 h incubation at 37°C. Each
of the antimicrobials was tested in triplicate against each Salmonella serotype and the
whole experiment was repeated twice.
3.3.4

Determination of MIC and MBC of plant derived antimicrobials against
Salmonella spp.
Minimum inhibitory concentration and minimum bactericidal concentration of

each antimicrobial agent was determined against individual Salmonella serotypes with 96
well micro titer plates using a colorimetric broth micro dilution technique (Burt and
Reinders, 2003). A volume of 200 µL of 1% (v/v) of the plant derived antimicrobial
agent in Muller-Hinton Broth (MHB) was added into the first well in row A as an initial
concentration. Then 100 µL of sterile MHB was added in all other wells from row B to
H. The antimicrobial agent was then diluted two-fold by transferring 100 µL of
antimicrobial agent from the first well of row A to H and discarding the excess from row
H. After dilution of the antimicrobial agents, 100 µL of inoculum (∽106 Cfu/ml) was
added into each well followed by 20 µL of Alamar Blue dye. Positive (100 µL MHB +
100 µL inoculum + 20 µL dye; but no antimicrobial agent) and negative (200 µL
antimicrobial agent + 20 µL dye; but no inoculum) controls were maintained. A color
change of the wells from blue to pink after 24 h incubation at 37°C indicated bacterial
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growth. MIC was read as the highest dilution of the antimicrobial agent, which
maintained a blue color in the first well of a row. Each antimicrobial was tested in
triplicate wells against Salmonella serotypes and the whole experiment was repeated
twice. For determination of MBC of each antimicrobial agent, the wells showing blue
color after the incubation at 37°C for 24 h were selected. The aliquots of 100 µL from the
wells showing blue color were plated onto Muller-Hinton Agar (MHA) plates and
incubated for 24 h at 37°C. The highest dilution (lowest concentration) of the
antimicrobial agent showing no bacterial growth (no visible colonies) on MHA plates
after 24 h incubation at 37°C was considered the MBC of that compound. The
experiment was repeated twice with triplicate plates for each treatment.
3.3.5
3.3.5.1

Efficacy of plant based antimicrobials as dip treatments against Salmonella
spp. on turkey breast cutlets.
Inoculum preparation
Broth cultures (18-20 h) of S. Enteritiditis, S. Heidelberg and S. Typhimurium in

TSB were prepared from Salmonella serotypes maintained on TSA slants. For each
serotype, fresh colonies were transferred to 10 ml of TSB and incubated for 18-24 h at
37°C. Broth cultures were centrifuged separately at 3300 x g for 10 min at 4°C and a
cocktail was prepared in 0.1% peptone water with an equal volume for each strain. The
inoculum level was adjusted to ∽ 107 cfu/ml with 0.1% peptone water.
3.3.5.2

Antimicrobial treatments
A volume of 100 µL of the inoculum (∽ 105 cfu/g) was applied and spread

uniformly on the surface of 25g pieces of turkey breast cutlets purchased from retail
stores. Salmonella inoculated turkey cutlets were kept for 30 min at room temperature in
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a biosafety cabinet for bacterial attachment to the meat surface. Different concentrations
of the antimicrobial agents (0.5, 1, 2 and 5% v/v) were prepared in phosphate buffered
saline (PBS), homogenized as described by Moore et al. (2012) and applied as a 2 min
dip treatment where the turkey cutlets were submerged in the solution. Salmonella
inoculated turkey breast cutlets that were dipped in PBS for 2 min were used as positive
control and non-inoculated, untreated fresh turkey breast cutlets were the negative
control. After the dip treatment, samples were stored aerobically in sterile sampling bags
(Nasco whirl pack, ID# BO1239) for 24 h at 4°C. The antimicrobial agent that showed
maximum activity in the 2 min dip treatment was then selected for further dip treatments
at 30 and 60 s.
3.3.5.3

Microbiological analysis
Sample homogenates were prepared by stomaching the 25 g meat sample with

225 ml of 0.1% peptone water in a stomacher (Stomacher® 400 circular, Seward
Laboratory Systems Inc., FL 33330, USA) at 200 rpm for 2 min and used to recover
Salmonella cells. The sample homogenates were serially diluted using 0.1% peptone
water and a volume of 100 µL from the homogenates was plated onto XLT4 agar.
Bacterial enumerations were carried out after the incubation of XLT4 plates under
aerobic at 37ºC for 24 h. Three replications were conducted with duplicate samples for
each treatment within each individual experiment.
3.3.6

Determination of pH of the meat
The pH of the turkey cutlets (both treated and control samples) were measured

using a pH meter (Fisher Scientific- accumet® AB15 basic pH meter). The pH probes
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were placed into the sample homogenates prepared as described above and recorded the
pH on each day of microbial analysis.
3.3.7

Statistical analysis
A complete randomized block design with 3 replications was used to evaluate the

effect of the antimicrobial agents on Salmonella counts. Analysis of variance tests were
performed using the proc general linear model (PROC GLM) procedure of SAS 9.3
version (SAS institute, Cary, NC). The treatment means were separated using the Least
Significant Difference Test. The treatments were found to be significantly different
compared to control when P ≤ 0.05.
3.4
3.4.1

Results and Discussion
In vitro antimicrobial efficacy of carvacrol, eugenol, thyme essential oil and
trans- cinnamaldehyde
Antimicrobial agents were classified as not sensitive, least sensitive, moderately

sensitive, highly sensitive or extremely sensitive based on the zones of inhibition of <10
mm, 11-30 mm, 31-60 mm, 61-80 mm and >80 mm, respectively (Desai et al., 2012) by
disc diffusion assay. In this study, Salmonella serotypes were highly sensitive to thyme
(red and white) essential oils, moderately sensitive to carvacrol and transcinnamaldehyde and least sensitive to eugenol (Table 3.1). Earlier disc diffusion assay
studies also indicated that these compounds possessed in vitro antibacterial activity
against spoilage organisms (Zheng et al., 2013) and pathogenic organisms (Burt and
Reinders, 2003; Desai et al., 2012). In the present study, carvacrol was found to be the
most effective antimicrobial agent with the lowest MIC and MBC of 0.313µl ml−1 . The
MIC and MBC values of antimicrobial agents were in the following order: carvacrol <
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red thyme oil < white thyme oil < trans-cinnamaldehyde < eugenol (Table 3.2). For each
antimicrobial agent, with the exception of white thyme oil, the MIC and MBC values
against different serotypes of Salmonella spp. remained the same throughout the
experiment. In this experiment, the zones of inhibition of antimicrobial agents were not
correlated with the corresponding MIC and MBC values. This may be due to the
difference in the solubility and diffusion of the antimicrobial agents on to the medium
while conducting the disc diffusion assay (Jiang, 2011). In the current study, disc
diffusion assay was conducted primarily to screen the efficacy of antimicrobial agents.
Broth micro dilution technique was used to determine in vitro antimicrobial activity. Soni
et al. (2013) evaluated the MIC and MBC of thyme oil and carvacrol against S.
Typhimurium and reported that the two antimicrobial agents possessed 0.25µl ml−1 as
MIC and MBC against tested serotypes. In the current study, higher MIC and MBC were
obtained for antimicrobials against Salmonella serotypes and these values were not the
same for carvacrol and thyme oils. The results may vary according to the differences in
the methods used for conducting the study, non-uniformity in the concentration of the
antimicrobial agent, inoculum level tested, and incubation time (Burt, 2004).
3.4.2

Antimicrobial efficacy of plant based compounds against Salmonella spp. as
2 min dip treatments on turkey breast cutlets
The higher contamination of ground turkey with Salmonella as compared to

young turkey carcasses suggests the need for additional antimicrobial interventions after
chilling and before grinding. Loretz et al. (2010) reported that bacterial reductions are
greater with dip treatments than chemical sprays during poultry processing. In this study,
all of the antimicrobials that were tested at 1, 2 and 5% ( v/v) concentrations resulted in
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reductions of Salmonella (P ≤ 0.05) on turkey breast cutlets (Fig: 3.1). Carvacrol showed
maximum reduction of Salmonella in 2 min dip treatments. Carvacrol at 1, 2 and 5%
concentrations led to 1, 1.7 and 2.6 log cfu/g reductions of Salmonella (P ≤ 0.05) on
turkey breast cutlets as compared to the positive control. Trans- cinnamaldehyde and red
thyme essential oil at concentrations of 1, 2 and 5% resulted in 0.9, 0.9 and 2.3 log cfu/g
as well as 0.4, 0.5 and 1.0 log cfu/g reductions of Salmonella, respectively. Eugenol
treatments (@1, 2 and 5%) led to 0.7, 1.1 and 1.0 log cfu/g reductions of Salmonella.
Limited data are available regarding the use of essential oils and its components on
poultry meat as dip treatment.
Moore et al. (2012) reported that 0.5% oregano oil as a dip treatment for 2 min on
leafy green vegetables inoculated with S. Newport led to 6 log cfu/g reduction after 24 h
storage at 4ºC. A study by Mattson et al. (2011) revealed that when carvacrol (0.25 and
0.75%), trans- cinnamaldehyde (0.5 and 0.75%) and eugenol (0.75%) were used as wash
treatments of Salmonella inoculated tomatoes for 1 min, there was a ∽6 log cfu/ml
reduction of Salmonella. In the present study, up to 5% concentration of the antimicrobial
agents were used to get the desired effect in spite of their lower MIC and MBC values,
since meat contains various nutrients, proteins, lipids etc. This complex matrix will
reduce the availability and activity of antimicrobial agent and necessitates the use of
more than 10 times the concentration that was found to be effective in in vitro studies
(Burt, 2004).
Desai et al. (2012) reported that a 30 min dip treatment of carvacrol on catfish
fillets at 4ºC (simulating the conditions of chiller tank in catfish processing) against
Listeria monocytogenes, resulted in a dose dependent activity and higher effectiveness
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(∽4.3 log cfu/g reductions with 2 and 5% ) than the same concentrations of thymol.
These observations corroborate the findings from our study where a dose dependent
reduction of Salmonella was seen with carvacrol, trans-cinnamaldehyde, thyme essential
oil and eugenol for 2min dip treatments. The higher efficacy of carvacrol against L.
monocytogenes may be due to the differences in the cell wall structure of the organism
and the higher contact time of the antimicrobial agent. Listeria monocytogenes being a
Gram-positive organism have a cell wall that contains more hydrophobic substances and
the hydrophobicity enhances the diffusion of carvacrol across the cell wall (Nostro et al.,
2007).
Carvacrol, eugenol, thymol and trans-cinnamaldehyde are natural plant derived
compounds and their antimicrobial action on microorganism is presumed to occur by
altering the membrane permeability, leakage of the cellular contents, denaturation of
membrane protein and disruption of proton motive force (Ultee et al., 2002; Burt, 2004).
The activity of natural compounds is very much related to its chemical structure.
Carvacrol and thymol have hydroxyl group and a system of delocalized electrons in their
phenolic ring structure, which will act as proton exchanger and affect the proton motive
force across the membrane, which ultimately leads to death of the organism (Ultee et al.,
2002). In eugenol, the presence of methoxyl group in the phenolic ring prevents the easy
release of electrons from the hydroxyl group which explains why it is a less effective
antimicrobial than carvacrol and thymol (Ben et al., 2006). The antimicrobial activity of
trans- cinnamaldehyde is related to the conjugated double bonds and CH side chains
present in the structure (Wang et al., 2005). Based on the concentration of transcinnamaldehyde, either it disrupts microbial cell membranes, inhibits ATPase enzymes or
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other enzymes related to cell functions of microorganisms (Hyldgaard et al., 2012). In
fact, the occurrence of these different chemical groups and modes of action enable the
plant derived compounds to act efficiently against pathogenic organisms without creating
antimicrobial resistance (Venkitanarayanan et al., 2013).
3.4.3

Effect of 30 s and 60 s dip treatments of carvacrol against Salmonella spp.
on turkey breast cutlets
In order to reduce the dipping time, turkey breast cutlets were dipped for 30 and

60 s in 0.5, 1, 2 and 5% carvacrol (v/v). Carvacrol was selected for 30 and 60 s dip
treatments since it had the lowest MIC and MBC values and had a higher activity in the 2
min dip treatment of cutlets when compared to other antimicrobials. There was no
difference between the positive control and 0.5, 1 or 2% carvacrol treatments on
Salmonella counts (P ≥ 0.05) with 30 s dip treatments. The 5% carvacrol concentration
resulted in 1.0 log cfu/g reduction of Salmonella (P ≤ 0.05) when compared to the
positive control after the 30 s dipping time (Fig: 3.2A). Similarly, the 60 s dipping of
turkey breast cutlets in 0.5, 1 and 2% carvacrol didn’t result in a significant reduction of
Salmonella. However, 5% carvacrol resulted in a 1.8 log cfu/g reduction of Salmonella (P
≤ 0.05) (Fig: 3.2B). The natural contaminations of Salmonella in post chill carcasses have
been reported as fewer than 2.0 log cfu/g (Nagel et al., 2013; Oladunjoye et al., 2013).
Therefore, if a 1.0 or 2.0 log reduction can be achieved, 90 to 99% of Salmonella present
in the meat will be killed. In this study 30 and 60 s dip treatments with 5% carvacrol
resulted in 1.0 and 1.8 log cfu/g reduction of Salmonella which could result in
elimination of more than 90% of Salmonella on the meat.
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Oladunjoye et al. (2013) evaluated the antimicrobial efficacy of carvacrol against
Salmonella spp. on ground turkey with different fat percentages and reported that 1%
carvacrol in propylene glycol (50:50 v/v) was sufficient for the complete reduction of
Salmonella from an initial concentration of 5.4 log cfu/g in low fat (1%) ground turkey.
Carvacrol (5% w/v) eliminated Salmonella in ground turkey with 7% fat and reduced
Salmonella by ∽ 4log cfu/g in ground turkey with 15% fat. The reduced activity of
carvacrol with higher fat percentage may be due to the dissolution of carvacrol in the
lipid phase of the meat and subsequent reduced contact with bacteria that are present in
the water phase (Burt, 2004). In the current study, with 99% fat free cutlets, the bacterial
reduction obtained was less than the reduction reported in ground turkey study by
Oladunjoye et al. (2013). This may be due to the difference in the application of the
antimicrobial agent, since a greater volume of carvacrol (1 ml for 10g of meat) was
applied on the surface of ground turkey meat, whereas in the present study, carvacrol was
applied as a dip treatment and the antimicrobial pick up in 30 s/60 s dip treatments was
less than 1 ml for 25 g meat. In ground turkey, carvacrol was applied after grinding the
meat. The ground form allows the antimicrobial agent to diffuse across the meat surface
more when compared to increased resistance exerted by the whole muscle structure of the
turkey breast cutlets.
Upadhyaya et al. (2013) used carvacrol, eugenol and trans- cinnamaldehyde
(0.25, 0.5 and 0.75%) as topical washings on Salmonella inoculated eggs at 32ºC.
Carvacrol was effective at inactivating Salmonella with a contact time of 30 s. The
absence of detectable survivors in the washing solutions of plant derived compounds
treated with inoculated eggs indicated their efficacy at preventing cross contamination in
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post chill dip tanks. In the present study, carvacrol also showed activity against
Salmonella in 2 min, 30 s and 60 s dip treatments. It can be summarized that carvacrol
could potentially be an effective antimicrobial against Salmonella when used as dip
treatment during poultry processing.
3.4.4

Determination of pH of the meat
Meat pH is related to functional properties of meat proteins (Chan et al., 2011b;

Sharma et al., 2013). Low pH negatively affects the texture of final products and high pH
results in reduced shelf life and color defects (Chan et al., 2011a). Therefore, any change
in meat pH due to antimicrobial interventions is undesirable. There were no differences in
pH (P ≥ 0.05) between turkey breast cutlets treated with plant derived compounds and
untreated samples (Table 3.3).
3.5

Conclusion
This study revealed that the MIC and MBC of each antimicrobial agent remained

the same against different Salmonella serotypes. Carvacrol was the most effective
antimicrobial agent with the lowest MIC and MBC and it was effective in reducing
Salmonella on turkey breast cutlets with concentration as low as 1% with a 2 min dip
treatment. Carvacrol also demonstrated a dose dependent reduction of Salmonella on
turkey breast cutlets and resulted in a significant reduction of Salmonella even with a
lower amount of contact time (30 s or 60s) at a 5% concentration.
3.6
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Table 3.1

Disc diffusion assay for antimicrobial efficacy of plant derived compounds
against Salmonella

Salmonella
serotypes

Zone of inhibition in millimeter
Carvacrol

Thyme oil- Thyme oil- TransEugenol
White
Red
cinnamaldehyde

S. Heidelberg
41.4±3.8
64.8±5.5
65.2±4.4
40.5±7.3
23.0±3.5
ATCC 8326
S. Typhimurium 43.4±5.0
65.8±2.9
66.9±7.3
32.3±4.9
22.2±2.3
ATCC 14028
S. Enteritidis
43.8±6.9
64.5±7.0
70.1±7.6
34.8±4.8
21.4±3.8
ATCC 4931
S. Hadar
48.5±6.7
69.3±7.8
70.0±1.8
33.3±4.9
23.8±0.3
ATCC 51956
S. Typhimurium 45.3±7.2
65.4±6.9
73.3±6.5
31.2±2.4
21.4±3.7
ATCC 19585
S. Typhimurium 46.2±4.4
65.4±4.9
78.0±7.0
30.1±0.9
25.2±1.2
ATCC 23564
S.Kentucky
39.6±5.7
62.2±5.9
63.2±4.2
35.4±7.9
22.2±2.0
ATCC 9263
Antimicrobial agents were evaluated either as not sensitive, least sensitive, moderately
sensitive, and highly sensitive and extremely sensitive with zone of inhibitions of < 10
mm, 11-30 mm, 31-60 mm, 61-80 mm and >80 mm, respectively (Desai et al., 2012)
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Table 3.2

Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of plant derived antimicrobials against Salmonella spp

Salmonella
serotypes

MIC and MBC values in µl ml−1

S. Typhimurium
ATCC 14028
S. Heidelberg
ATCC 8326
S. Enteritidis
ATCC 4931
S. Hadar
ATCC 51956
S. Kentucky
ATCC 9263

Table 3.3

White thyme Transoil
cinnamaldehyde

Carvacrol

Red thyme
oil

MIC

MBC

MIC MBC MIC

MBC MIC

MBC

0.313 0.313

0.625 0.625 1.25

1.25

0.625

1.25

MI MBC
C
2.5 2.5

0.313 0.313

0.625 0.625 0.625 0.625 0.625

1.25

2.5 2.5

0.313 0.313

0.625 0.625 1.25

0.625

1.25

2.5 2.5

0.313 0.313

0.625 0.625 0.625 0.625 0.625

1.25

2.5 2.5

0.313 0.313

0.625 0.625 0.625 0.625 0.625

1.25

2.5 2.5

1.25

Eugenol

Effects of antimicrobial treatments on pH of meat

Post chill dip treatments
Carvacrol

Meat pH
Trans- cinnamaldehyde Thyme oil

Eugenol

*Negative control

5.8𝑎

5.8𝑎

5.8𝑎

5.9𝑎

**Positive Control

5.8𝑎

5.8𝑎

5.8𝑎

5.9𝑎

0.5% Treatment

5.9𝑎

5.7𝑎

5.7𝑎

5.9𝑎

1% Treatment

5.9𝑎

5.7𝑎

5.9𝑎

5.9𝑎

2% Treatment

5.9𝑎

5.8𝑎

5.8𝑎

5.8𝑎

5% Treatment

5.9𝑎

5.8𝑎

5.7𝑎

5.9𝑎

Within a column treatments lacking common superscript differ (P ≤ 0.05)
*Negative control- non-inoculated, untreated fresh turkey breast cutlets
**Positive control- Salmonella inoculated turkey breast cutlets that were dipped in PBS
for 2 min
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Figure 3.1

Effect of 2 min dip treatments of carvacrol [CAR, Fig: 3.1(A)], transcinnamaldehyde [TCA, Fig: 3.1(B)], red thyme oil [RT, Fig: 3.1(C)] and
eugenol [EUG, Fig: 3.1(D)] against Salmonella spp. on turkey breast
cutlets.

Treatments lacking common superscript differ (P ≤ 0.05)
SEM for Fig 3.1(A) =0.2447, Fig 3.1(B) = 0.1723, Fig 3.1(C) =0.0699 and Fig 3.1(D)
=0.1563
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Figure 3.2

Effect of 30s (A) and 60s (B) dip treatments of carvacrol (CAR) against
Salmonella spp.

Treatments lacking common superscript differ (P ≤ 0.05)
SEM for Fig 3.2(A) =0.24445Fig 3.2(B) = 0.3038
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CHAPTER IV
THE COMBINED EFFICACY OF CARVACROL AND MODIFIED ATMOSPHERE
PACKAGING ON THE SURVIVAL OF SALMONELLA, CAMPYLOBACTER
AND LACTIC ACID BACTERIA ON TURKEY BREAST CUTLETS

Manuscript prepared for submission to Journal of Food Microbiology
4.1

Abstract
The primary objective of this study was to determine the efficacy of carvacrol in

combination with modified atmosphere packaging (MAP) in reducing Salmonella on
turkey breast cutlets stored at 4˚C. In experiment I, carvacrol (0.5, 1, and 2% v/v) was
applied as surface treatment and stored under aerobic condition or as surface and dip
treatments followed by storage in an environment of 100% carbon dioxide. The findings
of the experiment I revealed the synergistic activity of carvacrol with carbon dioxide in
reducing Salmonella when used as dip treatment compared to the surface treatment. In
experiment II, turkey breast cutlets were dip treated with carvacrol (0.25, 0.5 and 1% v/v)
for 30 seconds and stored under MAP (95% carbon dioxide and 5% oxygen) to evaluate
the efficacy against Salmonella, Campylobacter jejuni and lactic acid bacteria on turkey
breast cutlets. In experiment II, the combined application of carvacrol and MAP resulted
in 1.0-2.0 log CFU/g reduction (P ≤ 0.05) of Salmonella and Campylobacter on turkey
breast cutlets for 7 d storage at 4⁰C. MAP alone and in combination with carvacrol
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reduced LAB (P ≤ 0.05) on cutlets stored at 4⁰C for 21 d period. There was no difference
(P ≥ 0.05) in meat color among treatments and controls except for an increased paleness
of meat (P ≤ 0.05) observed for the 1% carvacrol treated cutlets stored under MAP after
21 d of storage. The high concentration of carbon dioxide and carvacrol treatments did
not cause any alteration in meat pH (P ≥ 0.05). In conclusion, carvacrol was effective at a
low concentration of 0.25% (v/v) in reducing Salmonella and C. jejuni by ~ 1.0 log
CFU/g when stored under MAP.
4.2

Introduction
In the United States, about 48 million foodborne illnesses are reported annually

that cause an estimated $77.7 billion annual loss to the US economy (Scharff, 2011).
Salmonella and Campylobacter are the leading bacterial causes of foodborne illnesses in
the U.S. and together these pathogens contribute 20% to the total foodborne illnesses
(Scallan et al., 2011). Foodborne salmonellosis and campylobacteriosis result in
approximately 27,799 hospitalizations and 454 deaths annually in the United States
(CDC, 2011). Non-typhoidal Salmonella and Campylobacter are the major reasons for
gastroenteritis associated with foodborne illness (Lai et al., 2014; Álvarez-Fernández et
al., 2012; CDC, 2013). In complicated cases, Campylobacter infections develop into
meningitis, reactive arthritis, and acute paralysis (Guillain-Barre syndrome) (CDC,
2013). Domestic poultry is considered as the natural reservoir of both these pathogens.
During 1998-2008, 30% of Salmonella associated foodborne outbreaks were attributed to
poultry (CDC, 2013) and for a period from 1997-2008, poultry were responsible for 11%
of Campylobacter associated foodborne outbreaks (Taylor et al., 2013). Despite the use
of various antimicrobial applications during poultry processing, the persistence of these
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pathogens in poultry products and associated foodborne outbreaks are a serious concern
to the food industry as well as for public health.
Modified atmosphere packaging (MAP) is used mainly to extend the shelf life of
meat by actively or passively altering the normal composition of air surrounding the
product. Carbon dioxide, oxygen and nitrogen (Chouliara et al., 2007) are the commonly
used gases in MAP. Oxygen is important in maintaining the color of the meat in MAP
(Jeremiah et al., 1995). However, retardation in the shelf life of meat due to aerobic
spoilage and lipid oxidation can be expected with the higher concentration of oxygen.
(Mancini and Hunt, 2005; McMillin, 2008; and Arvanitoyannis and Stratakos, 2012).
Carbon dioxide controls the growth of aerobic spoilage producing organisms (Farber et
al., 2003; Karabagias et al., 2011). Vacuum packaging or high carbon dioxide packaging
is commonly practiced in the meat industry for bulk packaging and transportation
(Jeremiah et al., 1995; Viana et al., 2005; McMillin, 2008). Carbon dioxide possesses
bacteriostatic activity and prevents the growth of aerobic spoilage organisms like
Pseudomonas spp. (Al-Nehlawi et al., 2013). The antimicrobial activity of carbon dioxide
depends on the formation of carbonic acid due to its dissolution in water phase. The
resultant decrease in pH affects the intracellular enzymatic activities and the microbial
growth (Jakobsen and Bertelsen, 2004; Arvanitoyannis and Stratakos, 2012; Al-Nehlawi
et al., 2013). The antimicrobial activity of carbon dioxide also depends heavily on many
factors like its solubility in the water phase, partial pressure, pH, temperature, fat content
of the food and product volume ratio (Devlieghere et al., 1998; Jakobsen and Bertelsen,
2004).
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Meat spoilage is due to the growth of microorganisms to high numbers on the
meat after prolonged storage, which is mainly due to the proliferation of facultative
anaerobic/aerobic microorganisms or facultative aerobic/anaerobic microorganisms
depending upon the gaseous environment of the package. Lactic acid bacteria (LAB) are
the main spoilage organisms under low oxygen, low temperature, and acidic conditions
(Chenol et al., 2007; and Doyle, 2007). The high numbers of LAB (106-107 CFU/g) lead
to meat spoilage (Gram et al., 2002) and cause the development of off flavors, meat
discoloration and reduced pH (Chenol et al., 2007). Therefore, the growth of lactic acid
bacteria needs to be monitored in poultry meat when it is refrigerated for long period
under MAP conditions.
Essential oils are aromatic oily liquids extracted from different plant parts and
contain various antimicrobial compounds. Carvacrol is the major antimicrobial
component (~ 80%) present in oregano essential oil, which is extracted from the leaves of
the Origanum vulgare plant (Burt, 2004). Carvacrol is in the category of food additives
permitted for direct addition in human food (FDA, CFSAN 2013). The antimicrobial
properties of carvacrol against Salmonella spp. have been demonstrated previously in
leafy green vegetables (Moore et al., 2012), ground turkey (Oladunjoye et al., 2013) and
in wash treatments for tomatoes and eggs (Mattson et al., 2011; Upadhyaya et al., 2013).
However, the efficacy of carvacrol against pathogenic and spoilage organisms when used
in combination with modified atmosphere conditions need to be explored for control of
foodborne pathogens and spoilage microorganisms.
In a previous study on the efficacy of carvacrol (1, 2 and 5% v/v) against
Salmonella spp. on turkey breast cutlets as dip treatment for 30s stored under aerobic
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packaging conditions, it was found that only 5% carvacrol caused 1.0 log CFU/g
reduction of Salmonella (Nair et al., 2014). The application of carvacrol @ 5% (v/v) on
turkey breast cutlets resulted in reduced consumer acceptance (data not shown). The
higher concentrations of essential oils or active components of essential oils can change
organoleptic properties of food products (Burt, 2004; Viana et al., 2005), which highlight
the use of natural antimicrobial agents to the lowest possible concentration in different
food products.
The aim of the present study was to evaluate the antimicrobial efficacy of
different concentrations of carvacrol in combination with modified atmosphere packaging
(high CO2 storage) against Salmonella, Campylobacter, and LAB on turkey breast cutlets
under refrigerated conditions up to 3 week. The study also evaluated the effect of these
treatment combinations on the meat color and pH.
4.3

Materials and Methods
Two experiments (exp I and II) were conducted to determine the combined

efficacy of carvacrol and MAP in reducing the Salmonella on turkey breast cutlets. The
major difference between these two experiments was in the gas composition used for
storing the cutlets. In exp I, 100% carbon dioxide was used where as in exp II, a
combination of 95% carbon dioxide, and 5% oxygen was used. Additionally, the efficacy
of carvacrol in combination with MAP in reducing C. jejuni and lactic acid bacteria was
evaluated in exp II.
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4.3.1
4.3.1.1

Experiment I (Exp I)
Inoculum preparation
Three Salmonella serotypes viz. S. Enteritiditis (ATCC 4931), S. Heidelberg

(ATCC 8326) and S. Typhimurium (ATCC 14028) were used in this study as a cocktail
to test the efficacy of combined application of carvacrol and high CO2 packaging in
reducing Salmonella on turkey breast cutlets. Salmonella serotypes were maintained on
tryptic soy agar (TSA) slants at 4ºC. Working cultures of Salmonella were prepared by
transferring a single colony of each strain from TSA in 10 ml of tryptic soy broth (TSB)
and were incubated at 37ºC. The 16-18 h broth cultures of each strain Salmonella were
centrifuged separately at 3300 x g for 10 min at 4ºC and the pellets were resuspended in
sterile 0.1% peptone water. Equal volumes of resuspended pellets of the above mentioned
Salmonella serotypes were mixed together to make a cocktail of bacterial inoculum and
the inoculum level was adjusted to ∽ 107 cfu/ml with 0.1% peptone water.
4.3.1.2

Plant derived antimicrobial agent
Carvacrol (≥ 99%) was purchased from Sigma Aldrich (St. Louis, MO. 63103,

USA). Different concentrations of carvacrol solutions (0.5, 1.0 and 2.0% v/v) were
prepared in sterile phosphate buffered saline (PBS; pH=7.4) by stomaching the carvacrol
solutions in a stomacher to reduce particle size as described by Moore et al. (2012)
4.3.1.3

Surface treatment of carvacrol against Salmonella spp. on turkey breast
cutlets and storage under aerobic or MAP conditions
Turkey breast cutlets purchased from local grocery stores were used for the study.

A volume of 600 µl of the inoculum was applied and spread uniformly on the surface of
100 g turkey breast cutlets (~ 5.0 log CFU/g). The inoculated samples were kept for 30
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min at room temperature in biosafety cabinet for bacterial attachment. Different
concentrations of carvacrol solutions (0, 0.5, 1 and 2% v/v) were prepared in PBS and a
volume of 4 ml of carvacrol solution was applied to the same side of the inoculum. The
samples were packaged and stored under aerobic or MAP conditions for 3 days (d) at
4ºC. Microbiological analysis for Salmonella recovery was carried out on d 1 and 3.
4.3.1.4

Dip treatment of carvacrol against Salmonella spp. on turkey breast
cutlets and storage under MAP conditions
Salmonella inoculated 100 g turkey breast cutlets (~ 5.0 log CFU/g) were dip

treated with carvacrol solutions (0.5, 1 or 2% v/v) for 30s. Temperature during all stages
of the dip treatment was maintained at 4°C in order to simulate post chill dip application
of antimicrobials during poultry processing. The samples were packaged in vacuum
pouches (UltraSourceLLC® vacuum pouches) and stored under MAP (100% carbon
dioxide). Turkey breast cutlets inoculated with Salmonella, dip treated in PBS (not
treated with carvacrol) and stored under aerobic or modified atmosphere conditions were
used as positive controls and non-inoculated, untreated fresh turkey breast cutlets served
as the negative control. All the samples were stored for 7 d at 4°C. Microbiological
analysis was carried out on d 1, 3 and 7 for this experiment.
4.3.1.5

Modified atmosphere packaging
The turkey breast cutlets were stored under high carbon dioxide (100%)

packaging. Carbon dioxide were introduced into the packages after creating a vacuum
inside the packages (75 micron thickness, 10" × 12" dimension and barrier to oxygen and
moisture) using a vacuum chamber machine (Ultravac®, chamber size: 6.75” deep x
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16.625” wide x 10.875” long) and back flushed with 100% carbon dioxide. The gas was
filled to the 50% capacity of the packages.
4.3.1.6

Microbiological analysis
On each day of analysis, 25 g breast cutlet sample was aseptically taken from 100

g sample and stomached with 225 ml 0.1% peptone water in a stomacher (Stomacher®
400 circular, Seward Laboratory Systems Inc., FL 33330, USA) for 2 min at 200 rpm.
The sample homogenates were serially diluted with sterile 0.1% peptone water and from
each dilution, 100 µl was plated on XLT4 agar plates. The plates were incubated at 37°C
for 24 h under aerobic conditions. Three replications of the experiment were conducted
with duplicate samples for each treatment.
4.3.1.7

Gas analysis
On each day of microbial analysis, before opening the packages, the gas

composition inside the packages were analyzed using a dual track O2/CO2 portable gas
analyzer (Quantek model 902 D). Using an air tight syringe, the gas was withdrawn from
the headspace of the packages and injected into the dual track O2 / CO2 portable gas
analyzer.
4.3.1.8

Determination of meat pH
The pH of the samples was measured by placing the pH probe of pH meter

(Fisher Scientific- accumet® AB15 basic pH meter) into the sample homogenates after
the microbiological analysis.
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4.3.2
4.3.2.1

Experiment II (Exp II)
Plant derived antimicrobial agent
Carvacrol (≥ 99%) was used as antimicrobial agent. Different concentrations of

carvacrol (0.25, 0.5, and 1% v/v) were prepared in PBS as mentioned in the exp I.
4.3.2.2

Inoculum preparation
Salmonella Enteritiditis (ATCC 4931), S. Heidelberg (ATCC 8326), and S.

Typhimurium (ATCC 14028) were used and the method of Salmonella inoculum
preparation was same as described under exp I. A cocktail of Salmonella was prepared as
mentioned in exp I. The inoculum level of the cocktail was adjusted to ∽106 CFU/ml with
0.1% peptone water. A cocktail of two strains of C. jejuni (ATCC 33291 and ATCC
33560) was used as inoculum. Fresh colonies of C. jejuni strains were isolated on
Campy-Cefex agar. Broth cultures of C. jejuni colonies were prepared by transferring
isolated single colony in 10 ml Bolton’s broth and incubated overnight at 42ºC under
microaerophilic conditions and used for the experiments after 24 h incubation. Gas packs
(GasPak™ EZ) were used for maintaining the microaerophilic conditions (approximately
5% oxygen and 2-10% carbon dioxide) in a campy container system (Anoxomat, mart jar
AJ 9028). Twenty four hour cultures of C. jejuni (ATCC 33291 ATCC 33560) in
Bolton’s broth were centrifuged at 5900 rpm for 10 min at 4ºC and the pellets were
resuspended in sterile 0.1% peptone water. A cocktail of C. jejuni strains was made by
mixing equal volume of both the strains (106 CFU/ml).
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4.3.2.3

Dip treatment of carvacrol against Salmonella spp. and C. jejuni on turkey
breast cutlets packaged and stored under MAP conditions (95% CO2/ 5%
O2 )
The cocktails of Salmonella serotypes and C. jejuni strains were separately

inoculated (600 µl volume of each cocktail) on the same surface of 100 g of turkey breast
cutlets. After holding the inoculated samples at room temperature in a biosafety cabinet
for 30 min, carvacrol treatments (0.25, 0.5, and 1.0% v/v) were applied as a dip treatment
for 30 s simulating the post-chill dip application during poultry processing. Samples were
packaged under MAP conditions (95% CO2/5% O2) and stored at 4°C for 7 d. Turkey
breast cutlets inoculated with Salmonella and Campylobacter, not treated with carvacrol
and packaged under MAP or aerobic conditions were used as positive controls.
Microbiological analysis was carried out on d 0, 1, 3 and 7.
4.3.2.4

Dip treatment of carvacrol against lactic acid bacteria on turkey breast
cutlets packaged and stored under MAP conditions (95% CO2/ 5% O2)
Non-inoculated fresh turkey breast cutlets (100 g) were dip treated by submerging

the samples in carvacrol solutions (0.25, 0.5, and 1.0 % v/v) for 30 s at 4°C. After
treatment, the samples were packaged under MAP conditions (95% CO2/5% O2) and
stored at 3 ±1°C for 21 d. Fresh turkey breast cutlets dipped in PBS and stored under
either MAP conditions or aerobic packaging were used as controls. Microbiological
analyses were carried out on d 0, 7, 14, and 21.
4.3.2.5

Modified atmosphere packaging (95% CO2/ 5% O2)
In exp II, a mixture of 95% carbon dioxide and 5% oxygen were used. A mixture

of carbon dioxide and oxygen were introduced into the packages after creating a vacuum
inside the packages ((75 micron thickness, 10" × 12" dimension and barrier to oxygen
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and moisture) using a vacuum chamber machine (Ultravac®, chamber size: 6.75” deep x
16.625” wide x 10.875” long). The gas was filled to the 50% capacity of the vacuum
packages.
4.3.2.6

Microbiological analysis
On each day of analysis, sample homogenates were prepared and serially diluted

as mentioned above in exp I. A volume of 0.1 ml from each dilution was plated on
duplicate XLT-4 and Campy-Cefex agar for recovering Salmonella and C. jejuni
populations, respectively. Campy-Cefex agar plates were incubated at 42°C for 48 h
under microaerophilic conditions for isolating C. jejuni. Gas packs (GasPak™ EZ) were
used for maintaining the microaerophilic conditions (approximately 5% oxygen and 210% carbon dioxide) in a campy container system (Anoxomat, mart jar AJ 9028).
Similarly, 0.1 ml from each dilution from non-inoculated samples was plated on MRS
agar for LAB counts. The plates were incubated at 30°C for 96 h under anaerobic
conditions. Anaerobic conditions for the growth of LAB were achieved by using
anaerobic pouches (AnaeroPack™ system) inside the canister (MART® Anoxomat®
anaerobic jar). On each day of microbiological analysis the pH of the meat and the
gaseous environment inside the packages were also measured.
4.3.2.7

Color analysis
Color changes of the turkey breast cutlets for all treatments in exp II were

measured on d 0, 7, 14, and 21 of storage at 3 ±1°C. Color analysis for L* (lightness), a*
(redness) and b* (yellowness) values was carried out using a chroma meter (model CR400, Minolta Camera Co Ltd, Oska, Japan) with 8 mm port size and illuminant D 65. The
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values were recorded from three different locations on a single piece of meat. After
calibrating the chroma meter, color values were measured for controls [turkey breast
cutlets stored under either MAP (95% CO2/5% O2) or aerobic packaging] and treated
samples [carvacrol treatments (0.25, 0.5 and 1%) in combination with MAP].
4.3.3

Statistical analysis
For both experiments, randomized complete block design was used to determine

difference in the treatment effects and treatment x day interaction. Analysis of variance
tests were performed using the proc general linear model (PROC GLM) procedure of
SAS 9.3 version (SAS institute, Cary, NC). The Least Significant Difference test was
used to separate the treatment means within the days. The treatment x day interaction was
determined between the days and the means were compared with a Student’s t-test with
the PDIFF procedure in GLM of SAS. The treatments were found to be significantly
different compared to control when P ≤ 0.05.
4.4

Results and Discussion

4.4.1
4.4.1.1

Experiment I
Efficacy of carvacrol as surface treatment against Salmonella spp. on
turkey breast cutlets stored under aerobic or MAP conditions
The surface treatment of turkey breast cutlets with 1.0, and 2.0% carvacrol

resulted in significant 0.7, and 0.9 log CFU/g reductions of Salmonella (P ≤ 0.05),
respectively compared to positive control after 1 d storage under aerobic conditions. On d
3, surface application of 0.5, 1.0 and 2.0% carvacrol on cutlets led to a 0.5, 0.9 and 1.0
log CFU/g reductions of Salmonella (P ≤ 0.05), respectively under aerobic packaging
(Table 4.1). Carvacrol surface treatment (0.5, 1.0 and 2.0%) in combination with MAP
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conditions (100% CO2) caused 0.4, 0.8 and 0.9 log CFU/g and 0.7, 1.0 and 1.1 log CFU/g
reductions of Salmonella on d 1 and d 3, respectively (Table 4.2). For surface treatments
of turkey breast cutlets stored in aerobic and MAP (100% carbon dioxide) conditions,
study was continued up to only 3 d storage period since it was determined to be less
effective as compared to the dip treatment
Carvacrol dip treatments (30s) in combination with MAP resulted in significant
and greater reductions (P ≤ 0.05) of Salmonella (Fig. 4.1). Carvacrol demonstrated a
concentration dependent reduction of Salmonella counts over all days of analysis.
Carvacrol at 0.5% (v/v) resulted in 1.2, 1.3, and 1.4 log CFU/g reduction of Salmonella
on d 1, 3, and 7, respectively compared to the aerobic positive control. Carvacrol
concentration of 1% (v/v) led to 1.4, 1.6, and 1.7 log CFU/g reductions of Salmonella on
d 1, 3, and 7, respectively. Higher reductions up to 1.9, 1.9, and 2.0 log CFU/g were
obtained with 2% (v/v) carvacrol treatment on d 1, 3, and 7, respectively. However, there
was no difference (P ≥ 0.05) in Salmonella counts between the positive controls
(inoculated turkey breast cutlets not treated with carvacrol) stored under aerobic or high
carbon dioxide atmosphere. These findings suggest that 100% carbon dioxide alone has
no inhibitory effect against Salmonella.
This experiment demonstrated that carvacrol is not highly effective against
Salmonella when used as surface treatment and stored with or without high carbon
dioxide environment as compared to dip treatment. A study conducted by Meredith et al.
(2013) also demonstrated that dip treatment of antimicrobial agents are more effective
compared to surface application. In their study, dip treatment of Campylobacter
inoculated chicken skin with trisodium phosphate, lactic acid, citric acid and acidified
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sodium chloride resulted in 2.5-3.0 log CFU/cm2 reduction of C. jejuni for a storage
period of 1-5 d under refrigerated conditions. However, surface application of these
compounds were found to be less effective and resulted in 1.0-2.3 log CFU/cm2 reduction
of C. jejuni. A possible explanation of this difference in efficacy of dip and surface
treatment is that in dip treatment higher bacterial reduction can be achieved due to the
even distribution (complete antimicrobial coverage) of the antimicrobial agent throughout
the surface (Loretz et al., 2010; Meredith et al. 2013).
4.4.1.2

Gas analysis
The findings of gas analysis revealed that the samples were consistently stored in

an atmosphere of more than 95% carbon dioxide and ~0.5% oxygen throughout the study
period (Table 4.3 and 4.4). The gas composition of each package did not change
significantly during the storage period (P ≥ 0.05). The factors mainly affecting the gas
composition are permeability of packaging material, respiration of food, microbial
growth, biochemical conversions, and solubility of gas (Jiménez et al., 1997; Esmer et al.,
2011). In the present study, gas barrier films were used and microbial spoilage was
comparatively less, especially spoilage with LAB. The proliferation of LAB may lead to
increase in the production of carbon dioxide content inside the packages.
4.4.1.3

Determination of pH of meat
The functional properties of meat proteins are highly pH dependent. Reduction in

meat pH can lead to reduced water holding capacity of muscle proteins whereas higher
pH values can lead to deterioration of meat quality with a decrease in the shelf life (Chan
et al., 2011). The current study revealed that carbon dioxide alone or carvacrol treatments
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in combination with 100% carbon dioxide did not cause any changes in the meat pH (P ≥
0.05) compared to the controls (Table 4.9).
4.4.2
4.4.2.1

Experiment II
Dip treatment of carvacrol against Salmonella spp. and C. jejuni on turkey
breast cutlets packaged and stored under MAP conditions (95%
CO2/5%O2)
A mixture of 95% carbon dioxide and 5% oxygen was selected as standard

packaging environment for exp II because of the risk of the growth of Clostridium
botulinum in a strict anaerobic environment. In some species of Clostridium (Clostridium
acetobutylicum), the up regulation of certain genes associated with oxygen stress causes
the detoxification of reactive oxygen species (Hillmann et al., 2008). A study conducted
by Larson et al. (1997) revealed that C. botulinum could survive in a low oxygen
environment (up to 2% oxygen). Moreover, at least 5% oxygen is needed inside the
packages for maintaining the color stability of meat (Thippareddi and Phebus, 2002).
Therefore, a mixture of 95% carbon dioxide and 5% oxygen was selected as combination
for this experiment and the gas analysis revealed that the levels of headspace oxygen
were constantly above 5%.
In exp II, there was no significant difference (P ≥ 0.05) between inoculated turkey
breast cutlets without carvacrol treatment and packaged under either aerobic or MAP
(95% CO2/5% O2) conditions (Fig. 4.2). The high carbon dioxide concentration did not
cause any inhibitory effect against Salmonella. All carvacrol treatments exhibited
concentration dependent reduction of Salmonella in combination with MAP. The
Salmonella reductions obtained on d 0 with the combination of carvacrol and MAP was
lower (P ≤ 0.05) compared to all other sampling days. Carvacrol at 0.25% caused 0.3,
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0.9, 0.9 and 0.8 log CFU/g reduction (P ≤ 0.05) of Salmonella on d 0, 1, 3 and 7,
respectively in combination with MAP compared to aerobic packaging. The 0.5%
carvacrol treatment in combination with MAP resulted in a 0.5, 1.5, 1.8, and 1.8 log
CFU/g reduction (P ≤ 0.05) of Salmonella, respectively for each day of analysis.
Carvacrol at the concentration of 1% in combination with MAP caused maximum
reduction of Salmonella. The reductions were 0.8, 1.8, 2.0, and 2.1 log CFU/g (P ≤ 0.05)
on d 0, 1, 3 and 7, respectively.
Modified atmosphere packaging is commonly used in the poultry industry for
preservation of meat. In the current study, high carbon dioxide packaging alone did not
cause any reduction in Salmonella counts (P ≥ 0.05) over a 7 d of storage period. A study
conducted by Dykes et al. (2001) using 100% carbon dioxide in preservative packaging
against Salmonella spp. for an extended storage period of 8 weeks demonstrated lack of
inhibitory effect of carbon dioxide on Salmonella. Another study conducted by Miya et
al. (2014), also demonstrated that 100% carbon dioxide at 4°C was not able to reduce
Salmonella on fresh pieces of raw beef.
This reduced effectiveness of carbon dioxide on Salmonella may be due to its
facultative anaerobic nature and survivability in the absence of oxygen. These organisms
contain enzyme mediated protective mechanisms to survive in both aerobic and anaerobic
conditions and these mechanisms are effective when the organism is under stressful
conditions (Yamamoto and Droffner, 1985). In the current experiment, the high carbon
dioxide induced stress might shift the Salmonella respiration towards an anaerobic type
of respiration and it becomes capable of withstanding anaerobic stress.
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In the current study, a combination of MAP and carvacrol was used to reduce the
risk of survival of pathogenic and microaerophilic bacteria in high carbon dioxide
atmosphere alone (Tsigarida et al., 2000). The major limitation of using plant derived
compounds as antimicrobial agent is their strong odor in higher concentrations. It was
demonstrated in our previous study that a higher concentration of carvacrol (5% v/v) was
needed to achieve at least a 1.0 log CFU/g reduction of Salmonella when used alone on
turkey breast cutlets as 30s dip treatment (Nair et al. 2014). In the present study,
carvacrol concentrations of 0.25, 0.5, and 1% in combination with MAP (95% CO2/ 5%
O2) resulted in 1.0-2.0 log CFU/g reduction of Salmonella, which reveals the synergistic
activity of carvacrol with MAP (high carbon dioxide) with a short contact time of 30s.
The suppressive activity of carbon dioxide on the growth rate of microorganisms may act
as multiple hurdles against Salmonella when used in combination with plant derived
compounds.
A study conducted by Govaris et al. (2011) showed the complete reduction of E.
coli and L. monocytogenes in feta cheese when oregano oil (0.2 ml/100g) was used in
combination with MAP (50% CO2 and 50% N2) for a period less than 16 d at 4°C.
However, when MAP was used without oregano oil, E. coli and L. monocytogenes
survived up to 32 and 28 d, respectively. This study also showed active antimicrobial
packaging system is effective against pathogenic organisms. The antimicrobial activity of
oregano oil is mainly due to carvacrol and limited data are available regarding the
efficacy of carvacrol containing essential oils against foodborne pathogens under high
carbon dioxide packaging. It is also difficult to compare different studies because of the
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differences in the composition of gases used in MAP treatments, inoculum level, methods
used and concentration of antimicrobial agents.
In exp II, MAP alone did not show any inhibitory activity against C. jejuni.
However, the combination of MAP and carvacrol resulted in significant reductions of C.
jejuni on each day of analysis compared to the aerobic control (Fig. 4.3). Reductions in
C. jejuni counts with carvacrol and MAP were dose dependent and the lowest reduction
in counts was observed on d 0. The reductions observed were 0.5, 0.7, and 0.8 log CFU/g
with 0.25, 0.5, and 1% carvacrol treatments (in combination with MAP). On d 1 higher
reductions of C. jejuni were obtained (1.0, 1.7, and 1.8 log CFU/g with 0.25, 0.5 and 1%
carvacrol treatments, respectively in combination with MAP as compared to aerobic
positive control). Carvacrol treatments @ 0.25, 0.5, and 1% resulted in 0.8, 1.3, and 1.5
log CFU/g reductions of C. jejuni, respectively on d 3. On d 7, the reductions were higher
1.0, 1.4 and 1.7 log CFU/g with 0.25, 0.5 and 1% carvacrol, respectively in combination
with MAP.
In this study, antimicrobial efficacy of carvacrol in combination with MAP was
evaluated against C. jejuni because the oxygen concentration that was provided in the
current study was very much similar to microaerophilic conditions. Campylobacter
requires an atmosphere of 5% oxygen, 10% carbon dioxide, and 85% nitrogen for the
growth and survival (Keener et al., 2004). In the present study, similar to Salmonella,
high carbon dioxide packaging did not show any inhibitory action against C. jejuni even
for a 7 d storage period. The results of the current study corroborate the research findings
of Dykes and Moorhead (2001). High carbon dioxide atmosphere (100%) did not have
any inhibitory effect on C jejuni counts (5.0 log CFU/g) on beef steaks, packaged under
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high carbon dioxide atmosphere and stored at -1.5°C for 41 d (Dykes and Moorhead,
2001). Rajkovic et al. (2010) also demonstrated the survivability of C. jejuni in MAP
(80% CO2/ 20% N2) on chicken legs at 4°C for a period of 2 weeks. Boysen et al. (2007)
also demonstrated the ability of C. jejuni to survive in broth under anaerobic condition
(100% N2 or 70% N2/30% CO2) compared to aerobic environment (70% O2 and 30%
CO2) at 4°C. These results revealed that high carbon dioxide preservative packaging or
anaerobic condition alone is not safe enough as there are possibilities of growth and
survivability of C. jejuni, which may result in food safety concerns.
4.4.2.2

Efficacy of carvacrol dip treatments on growth of LAB on turkey breast
cutlets packaged under MAP (95% CO2/ 5% O2) conditions
Lactic acid bacteria are the major spoilage organisms in high carbon dioxide

packaging. Therefore, the effect of MAP alone and in combination with carvacrol was
evaluated on the growth of LAB on turkey meat. MAP alone and in combination with
carvacrol significantly reduced the growth of LAB on each day of analysis (P<0.05)
except d 0 (Fig. 4.4). MAP alone caused 1.0, 0.9 and 1.7 log CFU/g reductions of LAB
on d 7, 14 and 21, respectively, compared to aerobic packaging. Carvacrol concentration
of 0.25% in combination with MAP resulted in 1.8, 1.7 and 2.0 log CFU/g reductions of
LAB on d 7, 14 and 21, respectively. Modified atmosphere packaging with 0.5%
carvacrol resulted in 2.3, 2.1 and 2.5 log CFU/g reductions of LAB on d 7, 14 and 21,
respectively compared to aerobic packaging. The highest level of reduction was obtained
with 1.0% carvacrol with MAP and the reductions were 2.5, 2.7, and 3.0 log CFU/g on d
7, 14 and 21 of analysis.
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In the current study, MAP alone possessed inhibitory effect on the growth of LAB
and this effect was maintained throughout 21 d of storage. The possible explanation for
this this effect could be attributed to carbon dioxide, as the later has the ability to slow
down the growth rate of LAB (Skandamis and Nychas, 2001). Devlieghere et al. (1998)
also reported the reduction in the growth rate of Lactobacillus sake in cooked ham under
high carbon dioxide packaging at 4°C, which was due to the dissolved carbon dioxide in
the liquid phase at a low temperature. Chouliara et al. (2007) reported that when the
levels of carbon dioxide were increased from 30% to 70%, higher reduction in the growth
of LAB (from 0.5 to 1.8 log CFU/g) occurred on fresh chicken at 4°C over a 9 d storage
period. In the same study when 1.0% (w/w) oregano oil was applied in combination with
70% CO2 and 30% N2, even higher reductions up to 6.0 log CFU/g were reported over a
7 d storage period at 4°C. In this study (exp II), the maximum reduction obtained with
carvacrol and MAP was 3.0 log CFU/g over a storage period of 21 d. The higher
reduction observed in Chouliara et al. (2007) study may be due the presence of other
antimicrobial components (eg. p-Cymene, thymol etc.) present in oregano oil, which act
synergistically with carvacrol to produce higher effectiveness (Burt, 2004).
4.4.2.3

Color analysis
Color analysis of carvacrol (0.25, 0.5, and 1.0%) treated turkey breast cutlets

stored under MAP conditions and control samples demonstrated similar patterns in color
values (Table 4.11). There were no differences (P ≥ 0.05) indicated for L* value up to 14
d storage, within each day and between treatments. But on d 21, cutlets treated with 1%
carvacrol and stored under MAP, showed significant increase (P ≤ 0.05) in L* value.
Increase in L value refers to the paleness of meat and may be due to an increase in
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oxidation (Karabagias et al., 2011). The a* value refers to the redness of meat, which
remained stable throughout all storage days. The b* value refers to the yellowness
(Sharma et al., 2013) and the b value in this study increased (P ≤ 0.05) with prolonged
storage, especially in the case of turkey breast cutlets treated with carvacrol and MAP.
However, when the treated samples are compared to the aerobic packaging over each
day, this increase in b value is not significant (P ≥ 0.05), which suggests that MAP
packaging in combination with carvacrol is not causing any adverse effect on color
values.
4.4.2.4

Gas analysis
Gas analysis revealed that the turkey cutlet samples were consistently exposed to

an atmosphere of approximately 95% carbon dioxide and 5% oxygen. The headspace gas
mixture was similar for 7 d (Salmonella and Campylobacter) and 21 d (LAB) storage
period. There was no change (P ≥ 0.05) in the composition of gases during the storage
period (Table 4.5, 4.6, 4.7 and 4.8). In the current study the level of oxygen was
constantly maintained above 5% to avoid the risk of proliferation of anaerobic C.
botulinum organisms.
4.4.2.5

Determination of meat pH
The current study revealed that MAP alone or carvacrol treatments in

combination with MAP (95% CO2/5%O2) did not cause any alteration in meat pH (P ≥
0.05) (Table 4.10)
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4.5

Conclusion
Carvacrol as dip treatment with MAP was more effective as compared to surface

application of carvacrol in combination with MAP in reducing Salmonella on turkey
breast cutlets. Carvacrol (0.25, 0.5, and 1.0% v/v; 30 s dip treatment) in combination with
MAP (95.0% CO2 /5% O2) was effective in reducing Salmonella, C. jejuni and LAB on
turkey breast cutlets under refrigerated storage. MAP packaging (95.0% CO2 /5% O2)
alone was capable of controlling the growth of LAB. High carbon dioxide packaging in
combination with carvacrol did not cause any alteration in meat pH or meat color. In
conclusion, carvacrol in combination with MAP can be used as an effective tool to reduce
foodborne pathogens like Salmonella and Campylobacter and in extending shelf life of
meat. However, further sensory studies are warranted to work out this combination in
different food products.
4.6
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Table 4.1
Treatments

Efficacy of carvacrol as surface treatment in reduction of Salmonella spp. on
turkey breast cutlets stored under refrigerated aerobic conditions
d1

d3

0% CAR

4.9±0.4a,x

4.8±0a,x

0. 5% CAR

4.5±0.4ab,x

4.3±0.1b,x

1.0% CAR

4.2±0.3b,x

3.9±0c,x

2.0% CAR

4.0±0.2b,x

3.8±0.1d,x

Within a column treatments lacking common superscript (a-c) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
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Table 4.2

Efficacy of carvacrol surface treatment in combination with modified
atmosphere packaging (100% CO2) in reducing Salmonella spp. on turkey
breast cutlets

Treatments

d1

d3

0% CAR+MAP

4.8±0.5a,x

4.8±0.1a,x

0. 5% CAR+MAP

4.4±0.4ab,x

4.1±0.1b,x

1.0% CAR+MAP

4.0±0.1ab,x

4.0±0.1c,x

2.0% CAR+MAP
3.9±0.1b,x
3.9±0.1c,x
Within a column treatments lacking common superscript (a-c) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
Table 4.3

Head space gas analysis for carbon dioxide in experiment I for 7 d storage
period.
Percent carbon dioxide ± standard deviation

Treatment

d1

0% CAR + MAP*
0.5% CAR + MAP

96.1±1.0a,x

d3

96.2±1.1a,x

d7

96.1±0.9a,x

96.5±1.1a,x
96.0±0.3a,x
96.3±0.3a,x
a,x
a,x
1.0% CAR + MAP
96.0±0.3
95.7±1.2
96.4±0.6a,x
2.0% CAR + MAP
95.7±0.7a,x
96.0±1.4a,x
95.8±0.7a,x
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 100% CO2
Table 4.4

Head space gas analysis for oxygen in experiment I for 7 d storage period.
Percent oxygen ± standard deviation

Treatment

d1

0% CAR + MAP*
0.5% CAR + MAP

0.5±0.1a,x

d3

0.5±0.0a,x

d7

0.5±0.0a,x

0.5±0.1a,x
0.5±0.1a,x
0.5±0.0a,x
a,x
a,x
1.0% CAR + MAP
0.5±0.1
0.5±0.1
0.5±0.1a,x
2.0% CAR + MAP
0.5±0.1a,x
0.5±0.1a,x
0.5±0.0a,x
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 100% CO2
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Table 4.5

Head space gas analysis for carbon dioxide in experiment II for 7 d storage
period

Treatment

Percent carbon dioxide ± standard deviation
d1

0% CAR + MAP*
0.25% CAR + MAP

d3

97.2±0.4a,x

96.0±1.6a,x

d7

96.1±1.0a,x

96.7±0.5a,x
96.9±0.8a,x
96.6±0.1a,x
0.5% CAR + MAP
96.2±0.2a,x
96.3±0.5a,x
96.9±0.4a,x
a,x
a,x
1.0% CAR + MAP
96.7±0.7
96.4±0.3
96.2±0.3a,x
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 95% CO2 + 5% O2
Table 4.6

Head space gas analysis for oxygen in experiment II for 7 d storage period

Treatment

Percent oxygen ± standard deviation

0% CAR + MAP*
0.25% CAR + MAP

d1

d3

d7

5.4±0.7a,x

5.3±0.4b,x

5.6±0.3a,x

5.9±0.5a,x
6.1±0.2a,x
5.6±0.2a,x
a,x
ab,x
0.5% CAR + MAP
5.7±0.4
5.4±0.6
5.7±0.4a,x
1.0% CAR + MAP
5.4±0.1a,x
5.5±0.2ab,x
5.3±0.6a,x
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 95% CO2 + 5% O2
Table 4.7

Head space gas analysis for carbon dioxide in experiment II for 21 d storage
period

Treatment

Percent carbon dioxide ± standard deviation
d0
d7
d 14

d 21

0% CAR + MAP*
0.25% CAR + MAP

96.1±1.9a,x

96.2±1.4a,x

96.4±1.1a,x

96.2±1.2a,x

96.7±1.4a,x
96.7±0.9a,x
96.1±0.3a,x
96.7±0.6a,x
a,x
a,x
a,x
0.5% CAR + MAP
96.5±1.0
96.4±1.6
96.7±0.6
96.2±1.0a,x
1.0% CAR + MAP
96.1±0.5a,x
96.2±1.7a,x
96.5±0.6a,x
96.3±0.7a,x
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 95% CO2 + 5% O2
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Table 4.8

Head space gas analysis for oxygen in experiment II for 21 d storage period

Treatment

Percent oxygen ± standard deviation
d0
d7

0% CAR + MAP*
0.25% CAR + MAP
0.5% CAR + MAP
1.0% CAR + MAP

d 14

d 21

5.8±0.1a,x

5.6±0.3a,x

5.9±0.9a,x

5.5±0.5a,x

6.0±0.2a,x
6.2±0.1a,x

5.9±1.1a,x
6.2±0.5a,x

5.1±0.6a,x
5.7±0.8a,x

5.7±0.8a,x
6.1±0.5a,x

5.9±0.5a,x

6.0±0.5a,x

5.8±0.7a,x

5.8±0.2a,x

Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
*MAP= 95% CO2 + 5% O2
Table 4.9

Effect of carvacrol and modified atmosphere packaging (100% CO2)
combination on pH of meat for 7 d storage period

Treatments

pH values ± standard deviation

0% CAR+AP*
0% CAR+MAP**
0.5% CAR+MAP
1.0% CAR+MAP
2.0% CAR+MAP

d1

d3

d7

5.86±0.01a.x
5.87±0.01a.x
5.89±0.0a.x
5.87±0.01a.x
5.89±0.01a.x

5.82±0.01a.x
5.81±0.03a.x
5.84±0.01a.x
5.86±0.01a.x
5.83±0.04a.x

5.82±0.01a.x
5.79±0.06a.x
5.82±0.03a.x
5.83±0.01a.x
5.81±0.01a.x

Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
AP*=Aerobic packaging
MAP**=100% CO2
Table 4.10

Effect of carvacrol and modified atmosphere packaging (95% CO2 /5% O2)
combination on pH of meat for 7 d storage period

Treatments
d1
0% CAR+ AP*
0% CAR+ MAP**
0.25% CAR+MAP
0.5% CAR+MAP
1.0% CAR+MAP

pH values ± standard deviation
d3

5.84±0.01a.x
5.87±0.01a.x
5.89±0.0a.x
5.87±0.01a.x
5.89±0.01a.x

5.83±0.00a.x
5.80±0.01a.x
5.84±0.01a.x
5.84±0.05a.x
5.79±0.02a.x

d7

5.84±0.04a.x
5.80±0.04a.x
5.82±0.03a.x
5.80±0.03a.x
5.80±0.04a.x

Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)
AP*=Aerobic packaging
MAP**= 95% CO2 +5% O2
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Table 4.11

Color values of turkey breast cutlets treated with carvacrol and packaged
under modified atmosphere packaging (95% CO2 /5% O2) for 21 d storage
at 4°C

Color
Values

Treatments

L*

0% CAR+ AP *
0% CAR+ MAP**
0.25% CAR + MAP
0.5% CAR + MAP
1% CAR + MAP
0% CAR+ AP
0% CAR+ MAP
0.25% CAR + MAP
0.5% CAR + MAP
1% CAR + MAP
0% CAR+ AP
0% CAR+ MAP
0.25% CAR + MAP
0.5% CAR + MAP
1% CAR + MAP

a*

b*

d0

d7

d 14

d 21

55.8±2.4a,x
54.9±1.8a,x
55.4±1.2a,x
56.0±2.1a,x
56.5±3.9a,x
3.7±0.4a,x
3.1±0.3a,x
4.1±1.1a,x
3.8±0.2a,x
3.6±0.2a,x
0.7±0.9a,x
0.3±0.5a,x
0.1±0.9a,x
1.3±0.8a,x
0.6±0.6a,x

55.8±1.9a,x
56.3±1.7a,x
55.2±2.9a,x
55.3±4.0a,x
57.1±1.4a,xy
3.0±0.4a,x
2.7±0.8a,x
2.8±0.1a,y
3.2±0.1a,xy
3.5±0.8a,x
2.8±0.7a,x
2.7±2.2a,y
2.5±1.2a,y
2.2±1.1a,x
2.1±0.8a,xy

54.8±2.1a,x
57.0±1.3a,x
56.3±2.8a,x
55.8±1.5a,x
58.0±1.8a,xy
2.7±0.3a,x
3.3±0.3a,x
3.0±0.5a,y
3.2±0.8a,xy
3.1±1.0a,x
2.5±1.6a,x
1.4±1.1a,xy
2.8±1.2a,y
2.7±1.8a,x
2.9±1.5a,y

53.0±2.4c,x
56.6±3.7bc,x
57.7±0.7ab,x
58.1±1.4ab,x
60.4±0.6a,y
3.2±0.8a,x
2.9±0.7a,x
2.6±0.6a,y
2.7±0.6a,y
2.9±0.3a,x
2.0±2.0a,x
2.5±1.7a,xy
3.3±2.2a,y
2.9±1.8a,x
3.2±0.9a,y

Within a column treatments lacking common superscript (a-c) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x-y) differ (P ≤ 0.05)
AP*=Aerobic packaging
MAP**= 95% CO2 +5% O2
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Figure 4.1

Efficacy of carvacrol (30s dip treatment) in combination with modified
atmosphere packaging ( 100% CO2) in reducing Salmonella spp. on turkey
breast cutlets

AP = Aerobic packaging
MAP = 100% CO2

91

Figure 4.2

Efficacy of carvacrol (30 s dip treatment) in combination with modified
atmosphere packaging (95% CO2 / 5% O2) in reducing Salmonella spp. on
turkey breast cutlets

AP = Aerobic packaging
MAP = 95% CO2 / 5% O2
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Figure 4.3

Efficacy of carvacrol (30s dip treatment) in combination with modified
atmosphere packaging ( 95% CO2 / 5% O2) in reducing C. jejuni on turkey
breast cutlets

AP = Aerobic packaging
MAP = 95% CO2 / 5% O2
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Figure 4.4

Efficacy of carvacrol (30s dip treatment) in combination with MAP (95%
CO2 /5% O2) in reducing the growth of LAB on turkey breast cutlets

AP = Aerobic packaging
MAP = 95% CO2 / 5% O2
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CHAPTER V
ANTIMICROBIAL EFFICACY OF LAURIC ARGINATE AGAINST
CAMPYLOBACTER JEJUNI AND SPOILAGE ORGANISMS ON
CHICKEN BREAST FILLETS

Manuscript prepared for submission to Poultry Science Journal
5.1

Abstract
The objectives of this study were to determine the antimicrobial efficacy of lauric

arginate (LAE) against Campylobacter jejuni (in broth and on chicken breast fillets) and
spoilage microorganisms (on chicken breast fillets). In vitro antimicrobial activity of
LAE was determined by treating C. jejuni (in pure culture) with 0 (control), 50, 100 and
200 ppm LAE solutions at 4⁰C for 2 h. Inoculated chicken samples with C. jejuni were
treated with 0, 200 and 400 ppm LAE, packaged and stored at 4⁰C for 7 days for
determining the efficacy of LAE against C. jejuni on meat. Non-inoculated skinless
samples were treated with 0, 200 and 400 ppm LAE and were used for analysis of LAE
treatments on growth of mesophilic and psychrotrophic organisms on day (d) 0, 3, 9, and
14 during storage at 4⁰C. LAE was highly effective against C. jejuni in vitro with no
detectable survivors. LAE significantly (P ≤ 0.05) reduced C. jejuni counts on chicken
breast fillets with 200 and 400 ppm treatments. LAE at 400 ppm gave a maximum
reduction of ~1.5 log CFU/g of C. jejuni during 7 days of storage at 4ºC without any
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change in pH of meat. Treating chicken breast fillets with 400 ppm LAE caused 2.3 log
CFU/g reduction of psychrotrophs (P ≤ 0.05) as compared to control on day 0 of storage.
However, no difference existed (P ≥ 0.05) in the growth of psychrotrophs on chicken
breast fillets after treatment with 200 and 400 ppm LAE as compared to control after 3
days. LAE treatments had no effect (P ≥ 0.05) on growth of mesophilic organisms. The
results of the study indicated that LAE is effective in reducing C. jejuni on chicken breast
fillets.
Keywords: lauric arginate, Campylobacter jejuni, chicken breast fillets,
mesophiles, psychrotrophs, food safety
5.2

Introduction
Campylobacter is one of the leading bacterial causes of foodborne illnesses in the

United States with more than 0.8 million illnesses reported each year (Scallan et al.,
2011). Campylobacter associated food poisoning is self-limited and causes bloody
diarrhea, vomiting, and fever (CDC, 2013). In complicated cases, the infection develops
into meningitis, reactive arthritis, and acute paralysis (Guillain-Barre syndrome) (USDA
FSIS, 2013a). Poultry and poultry products are the vehicle for many of the
Campylobacter associated foodborne outbreaks (Hermans et al., 2012). The prevalence of
Campylobacter in retail products, especially in skinless boneless chicken breast is 41%
with a higher prevalence of C. jejuni (66%) and C. coli (28%) (Williams and Oyarzabal,
2012). C. jejuni and C. coli cause maximum number of laboratory confirmed human
infections with a prevalence rate of 88.6 and 9.2% respectively (CDC, 2012). Keeping in
view the public health significance of Campylobacter spp., USDA, FSIS introduced new
performance standards for Campylobacter for broiler and turkey carcasses as well as
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ground poultry products in May 2010. Based on the new standards, Campylobacter must
be less than 10.4 percent on broiler and 0.79 percent on turkey carcasses (USDA FSIS,
2013b). Therefore, effective antimicrobial interventions are necessary to control
Campylobacter in poultry carcasses during processing.
Lauric arginate (N-lauroyl-L-arginine ethyl ester monohydrochloride, LAE) is a
cationic surfactant and is derived from lauric acid, L-arginine, and ethanol. It is a food
grade antimicrobial with the target site of action on the cytoplasmic membrane of
microorganisms. LAE interacts with lipids, disrupts the membranes and causes the
leakage of cellular contents. (Becerril et al., 2013; Sharma et al., 2013b; Rodriguez et al.,
2004). The maximum allowed level of LAE in fresh cuts of poultry meat is 200 ppm by
weight of the finished product (USDA FSIS, 2013c). The characteristics of LAE such as
heat stability, immediate effects on pathogens; rapid metabolism in human body into
nontoxic components and tolerances to a wide range of pH makes it an efficient
antimicrobial agent (Hawkins et al., 2009; Becerril et al., 2013).
LAE has been tested against various pathogens such as Listeria monocytogenes
on ham (Taormina and Dorsa., 2009), Salmonella spp. on chicken carcass (Benli et al.,
2011; Sharma et al., 2013b), L. monocytogenes on queso fresco cheese (Soni et al., 2012),
Escherichia coli, L. monocytogenes and Salmonella Enteritidis in milk (Ma et al., 2013)
and Salmonella spp. in ground turkey (Oladunjoye et al., 2013). However, limited data
are available on the efficacy of LAE against Campylobacter in meat system. The
objectives of this study were to determine the antimicrobial efficacy of LAE against C.
jejuni in vitro and on chicken breast fillets stored for 7 days at 4ºC. The study also
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evaluated the effect of LAE treatments on the growth of spoilage microorganisms on
chicken breast fillets.
5.3
5.3.1

Materials and methods
Antimicrobial agent
Lauramide arginine ethyl ester was procured from Vedeqsa Inc. (New York, NY)

with 15% active LAE, along with propylene glycol (solvent) and polysorbate 20
(emulsifier). The working solutions for LAE treatments for in vitro experiment were
prepared in sterile deionized (DI) water from a stock solution of 15% LAE as follows: 50
ppm LAE = 3.3 µl LAE + 9.9967 ml DI water, 100 ppm LAE= 6.6 µl LAE + 9.9934 ml
DI water, 200 ppm LAE= 13.3 µl LAE + 9.9867 ml DI water and 400 ppm LAE= 26.6 µl
LAE + 9.974 ml DI water.
5.3.2

Inoculum preparation and in vitro antimicrobial efficacy of LAE
C. jejuni strains (ATCC 33291 and ATCC 33560) maintained as frozen cultures at

-80ºC, were thawed at room temperature and streaked onto Campy-Cefex agar plates.
The plates were incubated for 48 h under microaerophilic conditions at 42ºC.
Microaerophilic conditions (approximately 5% oxygen and 2-10% carbon dioxide) were
maintained by using gas packs (GasPak™ EZ, Campy container systems) in campy
container systems. Overnight broth cultures (~6.0 log CFU/ml) were prepared by
transferring one colony into 10 ml of Bolton’s broth and incubating under
microaerophilic conditions for 24 h at 42ºC. Then the pellets were separated by
centrifuging at 5900 rpm for 10 min at 4ºC. The pellets were treated with 10 ml of 0
(control), 50, 100 and 200 ppm of LAE in sterile DI water and were stored at 4⁰C for 2 h.
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Then the samples were 10 fold serially diluted in 0.1% peptone water (PW) and 100 µl
from each dilution was plated on Campy-Cefex agar. The population of C. jejuni was
determined after incubating at 42ºC for 48 h under microaerophilic conditions. LAE
treatments resulting in non-detectable Campylobacter survivors in broth were used for
resuscitation experiment. For this, 1 ml of the solution from the above mentioned
treatments were added into 9ml of Bolton’s broth and incubated under microaerophilic
conditions at 42ºC. After 24 h of enrichment, samples were streaked onto Campy-Cefex
agar plates and incubated for 48 h at 42ºC under microaerophilic conditions.
5.3.3

Antimicrobial efficacy of LAE against C. jejuni on chicken breast fillets
A cocktail of two C. jejuni strains was prepared by resuspending the pellets of

each strain in 10 ml of 0.1% PW. The bacterial count of the Campylobacter cocktail was
determined to be

6 log CFU/ml. Chicken breast fillets (25 g) were inoculated with 100

µl of the C. jejuni cocktail and were kept at room temperature for 30 min in biosafety
cabinet for bacterial attachment. Different concentrations of LAE (0, 200 and 400 ppm)
in sterile DI water were applied (A volume of 1 ml of treatments per 25 g fillets) as
surface treatments to the fillets on the same side where bacterial inoculum were applied
and the samples were stored at 4°C. Non-inoculated chicken breast fillets not treated
with LAE (negative controls) also were kept and stored at 4°C.
The microbiological analyses of the samples for the recovery of C. jejuni cells
were carried out on days 0, 1, 3 and 7. Sample homogenates were prepared on the day of
analysis by stomaching 25 g meat sample with 225 ml of 0.1% PW using a stomacher
(Stomacher® 400 circular, Seward Laboratory Systems Inc., FL 33330, USA). Then
sample homogenates were 10 fold serially diluted and 100 µl from each dilution was
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plated onto Campy-Cefex agar plates followed by incubation under microaerophilic
conditions at 42ºC for 48 h. Two replications of the experiment were conducted with
duplicate samples for each treatment.
5.3.4

Antimicrobial efficacy of LAE against spoilage organisms
Non-inoculated fresh chicken fillets (25 g) were treated with 1 ml of 0, 200 and

400 ppm of LAE in DI water. Samples were kept up to 14 days at 4ºC. On days 0, 3, 9
and 14, the sample homogenates were prepared as mentioned above and plated on
trypticase soy agar (TSA) plates. The plates were incubated at 7°C for 10 days for the
growth and recovery of psychrotrophs. The microbiological analysis of mesophiles was
carried out after an incubation of 24 h at 37°C. For mesophiles the analysis were
conducted only up to day 7. Two replications of the experiment were conducted with
duplicate samples for each treatment.
5.3.5

Determination of pH of meat
The pH of the chicken breasts (both treated and control samples) was measured

on each day of analysis using a pH meter (Fisher Scientific- accumet® AB15 basic pH
meter) after homogenizing with 225 ml of 0.1% sterile PW.
5.3.6

Statistical analysis
The experiments were conducted using a completely randomized design. Proc

mixed procedure of SAS 9.3 version (SAS institute, Cary, NC) were used for conducting
ANOVA tests for analyzing the results. The Tukey Kramer method was used to separate
treatment means and the treatments were found to be significantly different when P ≤
0.05.
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5.4
5.4.1

Results and discussion
Antimicrobial Efficacy of LAE against C. jejuni in Vitro and on chicken
breast fillets
LAE treatments at 50, 100 and 200 ppm levels were highly effective against C.

jejuni in vitro with no detectable survivors in broth after 2 h at 4°C. Enrichment steps
also revealed no detectable survivors with 50, 100 and 200ppm LAE treatments. All the
LAE treatments resulted in more than 5.0 log CFU/ml reduction of C. jejuni (Table 5.1).
Other studies also reported the higher in vitro antimicrobial activity of LAE. Sharma et
al. (2013a) reported ~ 5.0, 7.0 and 7.0 log CFU/ml reduction of Salmonella with LAE
concentrations of 100, 200 and 400 ppm, respectively when used in 0.1% peptone water
for an exposure period of 2 h. Another study by Oladunjoye et al. (2013) showed that for
a short exposure period of 30 min, 100 and 200 ppm LAE caused ~ 3.6 and 6.0 log
CFU/ml reduction of Salmonella spp. respectively, in trypticase soy broth.
LAE treatments at 200 and 400 ppm levels on chicken breast fillets caused
significant reductions (P ≤ 0.05) of C. jejuni. There was no significant difference between
200 and 400 ppm treatments for C. jejuni reduction except on d0 (P ≥ 0.05). LAE at 200
ppm resulted in 0.8, 1.2, 1.3 and 1.2 log CFU/g reductions of C. jejuni on d0, d1, d3 and
d7, respectively. The 400 ppm concentration of LAE caused 1.2, 1.5, 1.5 and 1.5 log
CFU/g reductions of C. jejuni, respectively on d0, d1, d3 and d7 when compared to
control (Table 5.2). Antimicrobials used at different poultry processing stages reduce the
microbial load on poultry carcasses. The numbers of Campylobacter on post chill poultry
carcasses are

1.5 log CFU/g (Nagel et al., 2013). In this study, LAE as post chill

application at 200 and 400 ppm concentrations resulted in more than a 1.0 log CFU/g
reduction of C. jejuni and maintained the same reduction for 7 days of storage. In the
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present study, we achieved more than a 1.0 log CFU/g reduction of C. jejuni which could
result in elimination of more than 90% of C. jejuni present in chicken breast.
LAE was highly effective against C. jejuni in broth compared to reduced activity
in chicken breast. The maximum reduction of C. jejuni obtained was 1.5 log CFU/g with
400 ppm LAE in chicken breast after 7 days at 4ºC. Similar findings were reported by
Sharma et al. (2013b) where 1.0 log CFU/g reduction of Salmonella spp. were obtained
with LAE (200 and 400 ppm) on skinless chicken breast for a storage period of 7 days
compared to higher effectiveness in broth (Sharma et al., 2013a). This may be due to the
complex matrix of the meat with proteins, carbohydrate, fat etc. The interaction of LAE
with all these components will affect the bioavailability and final concentration of
antimicrobial agent (Burt., 2004). A study conducted by Ma et al. (2013) showed, the
significantly reduced activity of LAE with higher MICs against various pathogens, when
used in 2-10% (w/v) starch containing trypticase soy broth and 2% reduced fat milk
compared to trypticase soy broth only. Studies conducted by Sharma et al. (2013a) and
Oladunjoye et al. (2013) also showed the reduced antimicrobial activity of LAE with an
increased fat percentage in meat. Therefore, future work needs to explore the increased
bioavailability of these compounds in chicken and turkey products using an appropriate
food grade emulsion or carrier.
5.4.2

Antimicrobial efficacy of LAE against spoilage organisms
The LAE treatment at 400 ppm was the only treatment that caused significant

reduction of psychrotrophs (P ≤ 0.05) on breast fillets with 2.3 log CFU/g reduction on
d0 of storage. On all other days there was no significant effect with either 200 or 400
ppm of LAE against psychrotrophs (Table 5.3). LAE treatments at 200 and 400 ppm
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levels had no effect on the growth of mesophilic organisms or total aerobic
microorganisms (Table 5.4).
Psychrotrophs are spoilage forming organisms in meat under refrigerated storage
conditions. Pseudomonas spp. are common psychrotrophs in refrigerated meat. (Ercolini
et al, 2009). Increased resistance of these organisms to LAE may be due to the presence
of additional polysaccharides on the extracellular layer of its cell wall (Becerril et al.,
2013). These findings along with the results from the current study suggest that even
though LAE is effective against pathogenic C. jejuni, it has limited effects on spoilage
organisms and extending the shelf life of meat with currently approved levels.
5.4.3

Determination of pH of Meat
Functional properties of muscle proteins determine the sensory properties, yield

and quality of poultry products. Meat pH has influence on the functional properties of
muscle proteins (Chan et al., 2011; Sharma et al., 2013b). Reduced meat pH leads to low
water holding capacity of meat and affects its texture as well as higher pH leads to darker
color of the meat and reduced shelf life (Chan et al., 2011). In this experiment, LAE at
200 and 400 ppm levels did not cause any alteration in meat pH (Table 5.5). These
observations corroborate the findings from Sharma et al. (2013b) where no alteration in
meat pH was observed by 200 and 400 ppm LAE on chicken breast fillets.
In conclusion, LAE treatments at 50,100 and 200 ppm levels were highly
effective against C. jejuni in vitro by yielding more than 5.0 log CFU/ml reduction. LAE
as a surface treatment at 200 and 400 ppm levels on chicken breast fillets resulted in 1.0
to 1.5 log CFU/g reduction (P < 0.05) of C. jejuni throughout 7day of refrigerated
storage. LAE at 400 ppm yielded ~ 1.5 log CFU/g reduction of C. jejuni for up to 7 days
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of storage without causing any alteration in pH of meat. LAE with 200 and 400 ppm was
found to be least effective against both psychrotrophs and mesophiles in chicken breast
fillets. Therefore, a higher concentration of LAE may be needed to have pronounced
effect on spoilage micro flora of poultry products.
5.5
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Table 5.1

In vitro antimicrobial activity of LAE against C. jejuni at 4ºC.

C. jejuni counts after 2 h at 4ºC
(log CFU/ml)
C. jejuni ATCC 33291 C. jejuni ATCC 33560
No LAE
5.8
6.0*
50 ppm LAE
ND
ND**
100 ppm LAE
ND
ND
200 ppm LAE
ND
ND
*Campylobacter counts in log CFU/ml, ** ND- Non detectable
Treatment

Table 5.2

Treatment

Effect of LAE treatments on Campylobacter (log CFU/g) inoculated
chicken breast fillets
C. jejuni recovered from chicken breast fillets at 4ºC

d0
d1
d3
d7
𝑎,𝑥
𝑎,𝑦
𝑎,𝑥𝑦
No LAE
4.8
5.1
4.8
4.8𝑎,𝑥𝑦
𝑏,𝑥
𝑏,𝑥
𝑏,𝑦
200ppm LAE
4.0
3.8
3.5
3.6𝑏,𝑦
400ppm LAE
3.5𝑐,𝑥
3.6𝑏,𝑥
3.3𝑏,𝑦
3.3𝑏,𝑦
Within a column treatments lacking common superscript (a, b, c) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x, y) differ (P ≤ 0.05)
Table 5.3

Effect of LAE treatments against psychrotrophs (log CFU/g) on chicken
breast fillets

Treatment

Psychrotrophs recovered from chicken breast fillets at 4ºC
d0
d3
d9
d 14
Positive control
4.5𝑎,𝑥
6.3𝑎,𝑦
9.3𝑎,𝑧
9.9𝑎,𝑧
200ppm LAE
5.9𝑎,𝑦
8.7𝑎,𝑧
9.3𝑎,𝑧
3.2𝑎𝑏,𝑥
𝑎,𝑦
𝑎,𝑧
400ppm LAE
5.4
8.3
9.3𝑎,𝑧
2.2𝑏,𝑥
Within a column treatments lacking common superscript (a, b) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x, y, z) differ (P ≤ 0.05)
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Table 5.4

Effect of LAE treatments against mesophiles/total aerobic bacteria (log
CFU/g) on chicken breast fillets

Treatment

Mesophiles/ total aerobic bacteria recovered from chicken breast
fillets at 4ºC

d0
d1
d3
d7
𝑎,𝑥
𝑎,𝑌
𝑎,𝑍
Positive control
2.5
4.9
7.6
8.3𝑎,𝑍
200ppm LAE
2.3𝑎,𝑥
3.7𝑎,𝑌
7.2𝑎,𝑍
7.9𝑎,𝑍
𝑎,𝑥
𝑎,𝑌
𝑎,𝑍
400ppm LAE
1.5
3.1
6.9
7.9𝑎,𝑍
Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x, y, z) differ (P ≤ 0.05)
Table 5.5

Effect of LAE treatments on pH of chicken breast fillets

Treatment
No LAE
200ppm LAE
400ppm LAE

pH of chicken fillets
d0

d1

d3

d7

5.9𝑎,𝑥
5.8𝑎,𝑥
5.8𝑎,𝑥

5.9𝑎,𝑥
5.8𝑎,𝑥
5.9𝑎,𝑥

5.9𝑎,𝑥
5.9𝑎,𝑥
5.7𝑎,𝑥

5.7 a,x

5.8𝑎,𝑥
5.9𝑎,𝑥

Within a column treatments lacking common superscript (a) differ (P ≤ 0.05)
Within a row treatments lacking common superscript (x) differ (P ≤ 0.05)

111

5.6

References

Becerril, A., S. Manso, C. Nerin, and R. Gómez-Lus. 2013. Antimicrobial activity of
Lauroyl Arginate Ethyl (LAE), against selected food-borne bacteria. Food
Control 32:404-408.
Benli, H., M. X. Sanchez-Plata, and J. T. Keeton. 2011. Efficacy of ε-polylysine, lauric
arginate, or acidic calcium sulfate applied sequentially for Salmonella reduction
on membrane filters and chicken carcasses. J. Food Prot. 74:743–750
Burt, S. 2004. Essential oils: their antibacterial properties and potential application in
foods- a review. Int. J. Food Microbiol. 94:223-253.
CDC. (Centers for Disease Control and Prevention). 2013. Campylobacter-general
information- National Center for Emerging and Zoonotic Infectious Diseases
(NCEZID) [online]. Accessed on Sept. 30, 2013.
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/campylobacter/
CDC. (Centers for Disease Control and Prevention). 2012. Foodborne Diseases Active
Surveillance Network (Food Net): Food Net Surveillance Report for 2011 (Final
Report). Atlanta, Georgia: U.S. Department of Health and Human Services
[online]. Accessed on Dec. 26, 2013.
http://www.cdc.gov/foodnet/PDFs/2011_annual_report_508c.pdf
Chan, J. T., D, A. Omana, and M. Betti. 2011. Effect of ultimate pH and freezing on the
biochemical properties of proteins in turkey breast meat. Food Chem. 127:109117.
Ercolini, D., F. Russo, A. Nasi, P. Ferranti and F. Villani. 2009. Mesophilic and
psychrotrophic bacteria from meat and their spoilage potential in vitro and in
beef. Appl. Environ. Microbiol. 75:1990-2001.
Hawkins, D. R., X. Rocabayera, S. Ruckman, R. Segret, and D. Shaw. 2009. Metabolism
and pharmacokinetics of ethyl Nα-lauroyl-L-arginate hydrochloride in
humanvolunteers. Food. Chem. Toxicol. 47: 2711-2715.
Hermans, D., F. Pasmans, W. Messens, A. Martel, F. Van Immerseel, G. Rasschaert, M.
Heyndrickx, K. Van Deun, and F. Haesebrouck. 2012. Poultry as a Host for the
Zoonotic Pathogen Campylobacter jejuni. Vector Borne Zoonotic Dis. 12:89-98.
Ma, Q., P. M Davidson, and Q. Zhong. 2013. Antimicrobial Properties of Lauric
Arginate alone or in Combination with Essential Oils in Tryptic Soy Broth and
2% Reduced Fat Milk. Int. J. Food Microbiol. 166:77-84

112

Nagel, G. M., L. J Bauermeister, C. L Bratcher, M. Singh and S.R. McKee.
2013.Salmonella and Campylobacter reduction and quality characteristics of
poultry carcasses treated with various antimicrobials in post chill immersion
tank. Int. J. Food Microbiol. 165:281-286.
Oladunjoye, A., K. A. Soni, R. Nannapaneni, M. W. Schilling, J. L. Silva, B. Mikel, R. H.
Bailey, B. S. Mahmoud, and C. S. Sharma. 2013. Synergistic activity between
lauric arginate and carvacrol in reducing Salmonella in ground turkey. Poult.
Sci.92:1357-1365.
Rodriguez, E., J. Seguer, X. Rocabayera, and A. Manresa. 2004. Cellular effects of
monohydrochloride of l-arginine, N-lauroyl ethyl ester (LAE) on exposure to
Salmonella Typhimurium and Staphylococcus aureus. J. Appl. Microbiol.
96:903–912.
SAS Institute. 2012. SAS User’s Guide: Statistics. Version 9.3. SAS Institute Inc., Cary,
NC
Scallan, E., R. M. Hoekstra, F. J. Angulo, R. V. Tauxe, M. A. Widdowson, S. L. Roy, J. L.
Jones and P. M. Griffin. 2011. Food- borne illness acquired in the United
States—Major pathogens. Emerg. Infect. Dis. 17:7–15.
Sharma, C. S., A. Ates, P. Joseph, K. A. Soni, M. Schilling, and A. Kiess. 2013a.
Evaluation of antimicrobial effects of lauric arginate on reduction of Salmonella
spp. in ground chicken. Int. J. Food Sci. Technol. 48:1410-1415.
Sharma, C. S., A. Ates, P. Joseph, R. Nannapaneni and A. Kiess. 2013b. Reduction of
Salmonella in skinless chicken breast fillets by lauric arginate surface
application. Poult Sci. 92:1419-1424.
Soni, K. A., M. Desai, A. Oladunjoye, F. Skrobot and R. Nannapaneni. 2012. Reduction
of Listeria monocytogenes queso fresco cheese by a combination of listericidal
and listeriostatic GRAS antimicrobials. Int. J. Food Microbiol. 155:82-88.
Taormina, P. J., and W. J. Dorsa. 2009. Inactivation of Listeria monocytogenes on hams
shortly after vacuum packaging by spray application of lauric arginate. J. Food
Prot. 72: 2517-2523.
USDA, Food Safety and Inspection Service. (2013a). Food Safety Education [Online].
Accessed on Dec.26, 2013 http://www.fsis.usda.gov/wps/portal/fsis/topics/foodsafety-education/get-answers/food-safety-fact-sheets/foodborne-illness-anddisease/campylobacter-questions-and-answers/

113

USDA, Food Safety and Inspection Service. 2013b. Quarterly progress report on
Salmonella and Campylobacter testing of selected raw meat and poultry
products: preliminary results, January 2013-March 2013 [Online]. Accessed on
Dec 12, 2013. http://www.fsis.usda.gov/wps/portal/fsis/topics/data-collectionand- reports/microbiology/quarterly-reports-salmonella/q1-cy-2013
USDA, Food Safety and Inspection Service. 2013c. FSIS Directive - Safe and suitable
ingredients used in the production of meat, poultry, and egg products [online].
Accessed on Dec 5, 2013.
http://www.fsis.usda.gov/OPPDE/rdad/FSISDirectives/7120.1.pdf
Williams, A and Oyarzabal, O. 2012. Prevalence of Campylobacter spp. in skinless,
boneless retail broiler meat from 2005 through 2011 in Alabama, USA.
BMC Microbiol. 12: 184.

114

CHAPTER VI
SUMMARY AND CONCLUSIONS

In this study, carvacrol showed maximum efficacy against Salmonella in broth
and on turkey breast cutlets. Carvacrol was effective in reducing Salmonella,
Campylobacter and lactic acid bacteria on turkey breast cutlets with concentration as low
as 0.25% v/v for a contact time of 30 s when used in combination with modified
atmosphere packaging. Dip treatment application of carvacrol with MAP was found to
be more effective as compared to surface application of carvacrol in combination with
MAP in reducing Salmonella on turkey breast cutlets. The use of carvacrol with MAP did
not cause any changes in the meat pH or meat color. Carvacrol in combination with MAP
(high carbon dioxide packaging) can be used to reduce Salmonella, C. jejuni and LAB on
poultry products. However, further sensory studies are warranted to recommend this
combination in different food products. Lauric arginate as a surface treatment at 200 and
400ppm levels on chicken breast fillets resulted in significant reductions of C. jejuni
throughout 7 d of refrigerated storage. However, it showed reduced activity towards
spoilage microflora. Therefore, higher concentration of LAE may be needed to achieve
significant effects on spoilage organisms.
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